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PREFACE 


In the present period of radical and often violent change in the concepts under- 
ring medical education, the basic medical sciences appear to many to have become 
yhat less than “relevant.” All agree that the goal is to educate a superior 
ian with scientific understanding and with compassion for the afflictions of 

зал. If the apparent confidence of such a physician is to be real, it must reflect 
competence rooted in knowledge. As long as quality and excellence are desired, 
there can be no substitute for knowledge; the basic medical sciences, if taught with 
due concern for their clinical application, will and must remain basic to the 
practice of good medicine. 

It is this belief that underlies Visual Anatomy. Anatomical information, although 
old, is still as fundamental to the physician as the gas laws are to the chemist. A 
icial knowledge of the human body may satisfy the early needs of the medical 
ent and may indeed be quite enough for the practice of a few branches of 
ne that do not depend on the exact sciences. Most students, however, will 
ire at some stage of their careers more than marginal knowledge. Visual 
Anatomy is my attempt to present the factual material which I believe to be basic 
for students of medicine at any level. It is essentially a self-teacher—each illustra- 
tion is accompanied by a brief, single facing page of text. It is written in the eye 
of the hurricane, as it were, from the relative calm of unyielding fact surrounded 

п all sides by a real and potentially destructive whirlwind of change. 

"T he approach to Thorax and Abdomen (Volume II), as to Head and Neck 
(Volume I), is to build outward from the skeletal framework. Although structures 
are displayed in the reverse order in dissection, it is a logical necessity that 
dictates their description in terms of the underlying framework, and all texts do 
so. The duodenum, for example, is always described in relation to lumbar verte- 
brae, aorta, and inferior vena cava; similarly, the stomach is described in terms 
of its bed long before the dissector exposes the constituent structures. I have 
chosen to deal directly with this problem by describing regions without concession 
to the arbitrary order of dissection; they are thereby easily comprehended and 
remembered, The student need only examine the figures for a given region in 
reverse order to match the dissection or surgical exposure. 

I am most grateful to my colleagues Dr. F. R. C. Johnstone and Dr. K. R. 
Donnelly who have carefully gone over the manuscript of this and the preceding 
volume and have done what they could to remove any errors 1 have introduced. 
Once again, my wife and colleague, Dr. C. L. Friedman, has sat at my elbow 
through the preparation of text and illustrations. 


S. М. Е. 


Vancouver 
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The Framework: 
I. The Thoracic Vertebrae 


The bony framework of the thorax consists of the thoracic vertebrae, the ribs with 
their cartilaginous extensions, and the sternum. 

The body of the typical thoracic vertebra is heart-shaped, the narrow end of 
the “heart” being placed anteriorly. The upper vertebrae approximate the shape 
encountered in the neck, while the lower ones become increasingly oval and broad- 
ened from side to side in conformity with the shape of the lumbar vertebrae, Th 
body is thinner anteriorly than posteriorly so that when the twelve thoracic verte- 
brae are articulated a decided anterior concavity is produced. The bodies of the 
thoracic vertebrae are joined together by dense intervertebral discs as well as by 
the strong anterior and posterior longitudinal ligaments. Facets for articulation with 
the heads of the ribs are carried by the body and since the typical rib head rests 
between two vertebrae such facets are found close to both the superior and inferior 
margins of each typical body. However, the Ist, 10th, 11th, and 12th ribs usually 
articulate only with their corresponding vertebral body. 

The two thin, rounded pedicles project posteriorly from the sides of the body 
somewhat closer to its superior than to its inferior surface and thus form the bound- 
aries of shallow vertebral notches above and deep vertebral notches below. In the 
articulated spine, adjacent vertebral notches become continuous to form the inter- 
vertebral foramina through which the spinal nerves emerge. 

Articular processes project upward and downward just behind the pedicle. Each 
process bears an articular facet for articulation with corresponding facets on the 
adjacent vertebrae. These facets are oriented almost vertically (i.e., in the coronal 
plane) and provide an effective barrier to forward dislocation in this part of the 
spinal column, without hindering rotation or flexion. 

The laminae extend backward and medially from the articular processes. The 
S are deep in the vertical dimension so that in the articulated col- 

y overlap one another and fully protect the vertebral canal. Adjacent 


approximately opposite the body of the vertebra next below. 
The stout, club- 


teriorly, carries a 1 
is absent f 
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The Framework: 

П. The Ribs 


The typical rib is an elongate shaft of bone flattened from side to side. In situ 
it forms an arc sweeping forward, laterally, and downward from the vertebral col- 
umn. The major portion of the rib, the body, presents the clearly defined costal 
groove and the angle. The latter is a rather sharp change of direction in the arc 
of the rib, at the junction of its posterior and middle thirds. The body consists 
largely of cancellous bone enclosed by an outer layer of compact bone. It contains 
active red marrow. 

Posteriorly, where the rib shaft is modified for articulation with the thoracic 
vertebrae, the body is succeeded by the stout dense neck capped by the expanded 
head. On the posterior aspect of the rib, the junction of body and neck is marked 
by a prominent tubercle surmounted by a facet which articulates in a true joint 
with the similar facet on the transverse process of the corresponding vertebra. The 
neck itself is roughened by the attachments of stout costotransverse ligamenis 
which join it to its corresponding transverse process as well as to the one next 
above. 

The head carries an upper and lower articular facet separated by an interarticu- 
lar crest of bone. This interarticular portion is firmly attached to the adjacent inter- 
vertebral disc while the upper facet articulates with the body of the vertebra next 
above and the lower facet articulates with the corresponding vertebra (sce also 
Fig. 1). An articular capsule fixes the head of the rib to the two vertebrac 
concerned. 

The movements permitted through the costovertebral junction are shown di- 
agrammatically. During inspiration the elevation of the ribs increases both the an- 
teroposterior and the transverse diameter of the thoracic cavity. 

"nhe шой it marks the boundary between the dorsal musculature and 
placed Serratus Anterior, is itself free of muscular support. This factor, 


together with the rib angulation at this site, makes the angle the common region 
for rib fracture. 


The Ribs FIGURE 2 
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The Framework: 
III. The Ribs and Sternum 


The ribs, the costal cartilages, and the sternum, together with the vertebrae, form 
a bony cage which encloses and protects the thoracic viscera. 

The sternum, placed subcutaneously in the anterior part of the thorax, is a flat, 
dagger-shaped bone. It consists of the short, broad manubrium, the elongate body, 
and the small, tapering, cartilaginous xiphoid process (xiphisternum). The manu- 
brium is joined to the body by a fibrocartilaginous plate which permits a small 
amount of movement between these two parts. The site of this articulation is readily 
palpated as the sternal angle (of Louis). The xiphoid is joined directly to the 
body, but being cartilaginous, is quite flexible. 

The twelve ribs are firmly attached by ligaments and joints to the bodies and 
transverse processes of the thoracic vertebrae. As already mentioned, the 1st, 10th, 
11th, and 12th ribs are attached only to their corresponding vertebral body, while 
all the others articulate between the adjacent body and the one next above. In 
addition, the first ten ribs articulate in a true joint with their corresponding trans- 
verse processes. 

Each rib sweeps laterally and then forward and downward to end by joining 
the costal cartilage at the costochondral junction. The upper seven costal cartil: 
end by articulating with the sternum in a diarthrodial joint (except for the first 
which is actually fused with the sternum). The costal cartilages of the 8th, 9th, 
and 10th ribs end by articulating with the inferior surface of the costal cartilage 
next above. This arangement results in the formation of the scalloped “costal mar- 
gin” which slopes down and laterally from the xiphoid. The costal margin is formed 
mainly by the 7th, 8th, and 9th costal cartilages, the 10th being rather smali and 
occasionally failing to meet the others. The short 11th and 12th ribs are capped 
by small cartilages which do not articulate with the others, 
cy of Ai a ie EN able to locate ribs by number in the living subject 
entes oh 3 d s bene for the location of viscera. The 2nd costal 
peo Da de cui i evel of T4-5, and which always articulates with the 
f 4 у palpated sternal angle, provides the single safe reference point 
or all other ribs. 
i Ps ¡ii ege of the two costal margins at the sternum is, 
саде des gat angle. Any condition Which tends to force an increase 

pacity, e.g., asthma or emphysema, will gradually increase this angle. 
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The Ribs and Sternum FIGURE 3 
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The Framework: 
IV. The Diaphragm 


The inlet of the thorax is a narrow aperture bounded by the sternum, the first 
rib with its costal cartilage, and the first thoracic vertebra. This narrow inlet is 
the only route of communication between the structures of the head, neck, and 
upper limb on the one hand, and the thorax on the other. 

The broad oval thoracic outlet, bounded by the xiphoid process, the costa! car- 
tilages of the lower six ribs, the 12th rib, and the 12th thoracic vertebra is almost 
completely closed off by a muscular partition, the diaphragm. The diaphragm takes 
origin from these boundaries of the thoracic outlet exclusive of the 12th vertebra. 
In addition, some posterior fibers also arise from the upper lumbar vertebrae and 
from tendinous arcades between the 12th rib and the lumbar vertebrae. Further 
details of this origin are best studied later (Fig. 11). From this oval line of origin, 
the muscle fibers run upward and centrally to insert into the central tendon of 
the diaphragm, a dense fibrous sheet which forms most of the dome of this muscle. 
The diaphragm moves down (caudad) with inspiration; upward (cephalad) with 
expiration. Due to the underlying liver, the dome of the diaphragm on the right 
is normally higher than on the left and may reach as high as the Sth costal cartilage, 
while the dome of the left side rarely moves higher than the Sth interspace 
anteriorly. 

It should be appreciated that because of the height of the diaphragm, the tho- 
Tacic viscera are essentially restricted to the small area between the dome and the 
thoracic inlet, although parts extend down into the cleft-like space between the 
A the lateral and posterior thoracic wall—the costodiaphragmatic re- 

A other hand, the viscera of the upper half of the abdominal cavity, 


rising as they do into the concavity of the diaphragm, are to some extent protected 
by the thoracic cage. 


The diaphragm is primaril 
though there is some partici 
intercostal nerves. 


y innervated by the phrenic nerves (C3, 4, 5) al- 
pation, probably of a sensory nature, by the lower 
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The Framework: 
V. The Costal Muscles 


The ventral wall of the body is, in general, supported by three sheets of muscle—an 
external oblique sheet, an internal oblique sheet with fibers almost at right angles 
to those of the external oblique, and on the deepest plane, a transverse layer. In 
the abdomen, these layers are clearly recognized as definite muscles, the External 
and Internal Oblique and Transversus Abdominis. In the thorax, these layers are 
interrupted by the ribs, but the fundamental plan is unaltered. Here the outer mus- 
cle planes are differentiated as the External Intercostal and the Internal Intercostal 
while the innermost plane is, for the most part, represented by the Transversus 
Thoracis. 

The External Intercostal runs from the lower border of one rib to the upper 
border of the rib next below. It extends from the tubercle of the rib posteriorly 
to the costochondral junction anteriorly. Beyond this, the muscle fibers are replaced 
by the anterior intercostal membrane which continues to the sternum. The fibers 
of this muscle and its membrane are oriented in a downward and forward direction, 
so that the attachment to the rib below is in advance of the attachment to the rib 
above. The superior rib is regarded, by convention, as the origin of the muscle. 

The Internal Intercostal extends from the costal groove of the rib above to the 
upper border of the rib below. It extends from the sternum in front to the rib 
angle posteriorly, where its fibers are replaced by the posterior intercostal me 
brane which prolongs this muscle as far back as the tubercle of the rib. The fibers 
of this muscle and its membrane are almost at right angles to those of the External 
Intercostal. By convention, the inferior rib is regarded as the origin. 

There are eleven pairs of intercostal muscles. Considered as a group they fill 
each intercostal space from the tubercle of the rib posteriorly to the sternum an- 
teriorly. The anterior portion of the External Intercostal and the posterior portion 
of the Internal Intercostal are membranous. These muscles are innervated by the 
intercostal nerve of the space in which they lie. 

Transversus Thoracis is a poorly developed muscle whose fibers, where present, 
extend through two or more interspaces, attaching to the inner surfaces of the ribs. 
(Although the fibers of this muscle are not transverse, it is named homologously 
with its abdominal counterpart.) Additional portions of the innermost muscle layer 
к p comprising those fibers lining the dorsal parts 
и ee ntercostal, lining the lateral parts of the ribs. Trans- 

; ated by the adjacent intercostal nerves. 
It will be observed shortly that as a general rule the nerves and vessels of the 


thoracic cage lie on a plane between the Internal Intercostal and Transversus 
Thoracis. 


The intercostals elevate the ribs and thus increase the chest diameter. Clinically, 
it is important to realize that both Intercostals function to mai 
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The Framework: 
VI. The Nerve Supply 


The nerve supply to the thoracic wall is here considered with reference to a single, 
typical intercostal space. 

The thoracic nerves pass from the vertebral canal to the thoracic wall through 
the large intervertebral foramen (Fig. 1). Shortly after leaving the intervertebral 
foramen, each thoracic spinal nerve divides into a small dorsal and a large ventral 
ramus. The dorsal ramus passes backward between the neck of the rib and iis 
associated transverse process to gain the dorsum of the thorax. Here it supplies 
the dorsal musculature and ends in the skin of the back. 

The large ventral ramus is termed the intercostal nerve since it runs in the inter- 
costal space. (The ventral ramus of the 12th thoracic nerve runs below the twelfth 
rib and is termed the subcostal nerve.) The intercostal nerve runs forward in the 
upper part of the intercostal space until it gains the sternum. Here it passes forward 
as the anterior cutaneous branch to distribute itself to the skin of the front of the 
thorax. 

Soon after passing the angle of the rib, the intercostal nerve gives off a large 
lateral cutaneous branch which passes superficially to supply the skin of the latera! 
thoracic wall. It is important to note that before ramifying in the skin, the lateral 
cutaneous branch in each case drops downward over the chest wall to reach the 
same level as the anterior cutaneous branch. Thus, despite the obliquity of the 
last six nerves all of the skin supplied by each intercostal nerve corresponds in 
general to a horizontal band at the level of the anterior termination of the nerve. 

The first three thoracic nerves differ from the general arrangement described. 
The ventral ramus of T1 is almost entirely associated with the brachial plexus, 
leaving only a fine intercostal nerve (with no lateral branch) for the first space. 
T2 is sometimes associated with the brachial plexus; it may send a contribution 
upward to join the plexus while the whole of its lateral cutaneous branch goes 
to the medial side of the arm as the intercostobrachial nerve. T3 sends its lateral 
cutaneous branch into the axilla and medial side of the arm. 
pues eo у intercostal spaces that only the first six 
deep to the “costal margin” to ан e s s ds Bi s un ры 
in the anterior abdominal wall whil th Loe ا‎ и бәрне, 
ba desc a ie el th, 11th, and subcostal nerves enter 
dide udin bii 2 atter six nerves follow the general direction 

Ich they lie so that the 7th nerve reaches the midline opposite 
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The Framework: 
VII. The Arterial Blood Supply 


The intercostal space receives arterial blood from two sources. The posterior inter- 
costal artery runs forward in the upper part of the interspace, above the nerve 
Close to the rib angle, it gives off a collateral branch which runs forward in the 
lower part of the space. The posterior intercostal arteries for the first two spaces 
originate from the highest intercostal artery which is itself a branch of the costo 
cervical trunk of the subclavian artery. The remaining nine intercostal arteries arise 
directly from the thoracic part of the aorta. 

The anterior intercostal arteries arise from the internal thoracic artery or its 
continuation, the musculophrenic artery, and are two in number in each spac 
They run back to anastomose with the posterior intercostal and its collateral 
branch. 

The internal thoracic artery arises from the subclavian artery. It runs downward 
immediately deep to the costal cartilages, about 1 cm lateral to the sternum, to 
the sixth interspace. Here it divides into the superior epigastric artery which con- 
tinues down in the same direction as the parent trunk to gain the anterior abdomi- 
nal wall, and into the musculophrenic artery which follows the “costal margin.” 

The intercostal arteries frequently show tremendous increase in size in coarcta 
tion of the aorta, a condition characterized by narrowing of the aorta proximal 
to its descending thoracic part. In this condition, arterial blood passes upward into 
the great arteries of the neck, then circuitously through the internal thoracic artery 
to its anterior intercostal branches and, through anastomotic channels, back to the 
posterior intercostal arteries to reach the descending aorta below the constriction 
Under these circumstances, the direction of blood flow in the posterior intercostal 
arteries is reversed. The enlargement of the intercostal arteries may often be dem- 
onstrated by the presence of notches carved into the rib margins by the large pul- 
sating vessels. The presence of these notches is diagnostic of coarctation of the 
aorta. 

The intercostal space drains by intercostal veins which coalesce to form a single 
posterior intercostal vein which leaves each space posteriorly (Fig. 8). Each space 
also drains anteriorly into internal thoracic veins. 

The intercostal vein, artery, and nerve, in that order from above down, lie close 
together in the costal groove. The group lies on a plane between the Internal Inter- 


costal and its associated membrane on the one hand, and the parts of Transversus 
Thoracis on the other. 


The Arterial Blood Supply FIGURE 7 
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The Framework: 
VIII. The Venous Drainage 


The course of the intercostal vein, artery, and nerve in each interspace, passing 
deep to the Internal Intercostal, has already been described. In this illustration, 
the parent vessels of the posterior thoracic wall are shown. 

The azygos venous system consists of two trunks running vertically on the an- 
terior aspect of the vertebral bodies and of numerous horizontally placed channels 
which drain into them. The right trunk, the azygos vein, begins variably at the 
2nd or 3rd lumbar vertebra and ascends into the thorax where it rises to about 
the level of T4. Here it comes abruptly forward and, as will be seen later (Fig. 
27), empties directly into the superior vena cava. 

The smaller left trunk also begins variably, although usually a little higher than 
the right, and is commonly broken at about the midthoracic level into the superior 
and inferior hemiazygos veins, both of which drain across to the azygos vein. The 
azygos and hemiazygos veins are often cross-connected more extensively than here 
indicated. 

The azygos vein receives the venous drainage of all the right intercostal veins 
except that of the first space. The intercostal veins of the right 2nd, 3rd, and 4th 
spaces usually unite to form the right superior intercostal vein before entering the 
azygos vein. Blood from the first intercostal vein usually runs directly into the right 
brachiocephalic vein and thence to the superior vena cava. 

On the left side, the situation is, in general, much the same. Here too, the 1st 
intercostal vein bypasses the azygos system to run directly into the left brachio- 
cephalic vein. In contrast to the right side, however, the left superior intercostal 
vein, receiving blood from the 2nd and 3rd spaces, also bypasses the azygos system 
and runs directly into the left brachiocephalic vein. The succeeding intercostal veins 
drain into the adjacent superior or inferior hemiazygos vein and thence into the 
azygos vein. 
| Although the azygos system is quite variable in its detail, it is quite invariable 
in the fact that it drains most of the posterior thoracic wall (and part of the pos- 
terior abdominal wall as well) into the superior vena cava. As already mentioned, 
the anterior parts of the chest wall drain into internal thoracic veins. 

а tu (ora E Latein intercostal arteries, all except the first two pairs 
RELATE E nites ae ч Ke Pd (Fig. 7). Since this part of the aorta lies 
eres evi tate x: ebral bodies throughout most of its course, the right 
fie venei , longer course than those of the left. They pass across 

odies posterior to the azygos system, on their way to their respective 


spaces. As already shown in Figure 7, the first two pairs of intercostal arteries 
arise separately from the highest intercostal artery. 
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The Framework: 
IX. The Sympathetic Nervous System 


The ganglionated sympathetic trunk on either side runs vertically alongside the 
entire length of the vertebral column from skull to coccyx. In the thorax this trunk 
consists of twelve ganglia and their interconnecting strands lying on the heads of 
the ribs (Fig. 10). Each ganglion is directly connected with the corresponding spi- 
nal nerve. 
The thoracic sympathetic system is essentially simple in plan. Its fundamental and 1 
unique difference from the somatic nervous system lies in the fact that the efferent 
or effector component, instead of being one neuron, consists of at least two neurons 
which synapse in a ganglion located either in the ganglionated trunk or peripherally 
in or near the wall of the viscus innervated. The efferent component thus consists of 
a presynaptic part which is usually myelinated (white), termed preganglionic, and a 
postsynaptic part, usually nonmyelinated (gray), termed postganglionic. 
Preganglionic fibers originate from nerve cells lying in the lateral horn of the 
thoracic and upper lumbar cord and emerge in the ventral root of the adjacent 
spinal nerve. Indeed, the preganglionic fibers for the whole of the sympathetic sys- 
tem arise only in the twelve thoracic and upper two or three lumbar nerves. 
These fibers leave the spinal nerve shortly after its emergence from the interverte- 
bral foramen and run, as the white ramus communicans, to the sympathetic trunk. 
Obviously, such white rami are present only in connection with nerves T1 to L2 
or L3. Once within the trunk, the preganglionic fiber may terminate in one of two 
ways: either by synapsing with a second neuron within one of the ganglia of the 
trunk (it may run up or down the trunk to do this) or by leaving the trunk, still 
as a white preganglionic fiber (e.g., splanchnic nerves) to synapse within a more 
peripherally placed visceral ganglion. 
| Those postganglionic fibers which originate within the trunk leave as nonmy- 
жр га апа travel directly to the structures they innervate. Such rami may 
ie а тол but опе, the gray ramus communicans, con- 
Tuo d = j spinal nerve to travel with it to parietal structures. 
ers which leave the trunk without synapsing and run to a peripherally 


placed ganglion synapse there with postganglionic fibers which run directly to 
the viscus to be innervated. 


\ The afferent or receptor neuron cannot be dissected separately since it travels 
in both gray and white rami to pass finally, like a somatic afferent, through the 
dorsal root ganglion into the Posterior horn of the spinal cord The cell bodies 
of these afferent fibers are located in the dorsal root ganglion. | | 
In summary, preganglionic fibers predominate in white nerves which are found 
entering the sympathetic trunk from spinal nerves T1 to L2 or L3, or leaving the 
trunk, m certain special cases (splanchnic nerves), to travel to о peripheral 
ganglia. Postganglionic fibers predominate in gray nerves which leave all parts of 
the sympathetic trunk on their way to the structures they innervate. One constant 
ш for such postganglionic fibers is by way of the somatic spinal nerve. 
а 5 it 15 apparent that for the understanding of the sympathetic 
pend Scus it is necessary to know at least two facts: first the cord 
е original outflow, and second the location of the synapse. 
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The Mediastinum: 
I. The Sympathetic Nervous System and the Thoracic Duct 


The mediastinum is a term applied to the septum which forms a broad partition 
between the pleural cavities of either side. This septum contains all of the thoracic 
viscera except the lungs and extends from the thoracic inlet above to the diaphragm 
below, and from the sternum anteriorly to the thoracic vertebrae and heads of 
the ribs posteriorly. In this and the following figures the mediastinum will be built 
up progressively, beginning with the most posterior structures. 

Immediately related to the anterior aspect of the thoracic vertebral column are 
the posterior intercostal arteries and veins. The thoracic part of the sympathetic 
truck and many of its important connections are likewise closely related to the 
posterior thoracic wall, always anterior, however, to those parts of the parietal 
arterial (intercostal) or parietal venous (azygos) systems which they cross. 

Specifically, the thoracic part of the sympathetic trunk runs vertically down the 
Posterior wall of the thorax in direct contact with the heads of the ribs. The por- 
tions of the trunk between the ribs pass directly in front of the intercostal vein, 
artery, and nerve. Although classically there is one ganglion opposite each rib, 
the trunk is rather irregular and ganglia may be reduced in number by fusing one 
with another. Usually, the first ganglion unites with the inferior cervical ganglion 
in front of the head of the first rib to form the large stellate ganglion. The trunk 
is connected to each thoracic nerve by a gray and a white ramus communicans. 
From all parts of the trunk, irregularly placed branches pass to the thoracic viscera, 
usually through one of the four large thoracic plexuses (cardiac, aortic, esophageal, 
pulmonary), which will be described later (Fig. 32). 

In contrast, three large white rami leave the trunk, usually in a regular manner, 
as the three splanchnic nerves, which run down to share in the innervation of ab- 
dominal viscera (after synapsing in peripheral ganglia). The greater splanchr 
nerve arises by branches from the 5th to the 9th ganglia inclusive (this origin is 
somewhat variable) and runs down lying anteromedial to the parent trunk, on the 


thoracic vertebral column. The lesser splanchnic nerve arises from 10th and 11th 


ganglia (variably) and runs down on the lower thoracic vertebral column lateral 
to the greater splanchnic nerve. The lowest splanchnic nerve arises from the 12th 
ganglion, approximately, and runs down lateral to the other two splanchnics. All 
three splanchnics consist predominantly of preganglionic white fibers but carry 
the thoracic duct, is likewise in direct 
. This unpaired structure arises in the ab- 


subclavian or internal jugular veins close 
c duct empties similarly on the right side. 
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The Mediastinum: 
II. The First Plane—The Aorta and Esophagus 


As has been described, the diaphragm reduces the vertical dimension of the 
thoracic cavity so that in the midline, except for that part of the costodiaphragmatic 
recess behind the diaphragm, the mediastinal contents end at approximately the 
level of T8. It is convenient at this point to complete the description of the origin 
of the diaphragm. This muscle was seen to arise from the back of the xiphoid 
and from the “costal margin" (Fig. 4). Here, it is seen originating posteriorly from 
the tips of the 11th and 12th ribs, from the lateral arcuate ligament, from the 
medial arcuate ligament, and by two bands or crura from the upper lumbar verte- 
bral bodies. The right crus is the larger, arising from the first three lumbar verte- 
brae. The left crus originates from the upper two lumbar vertebrae. 

Three major openings are present in the diaphragm. The highest of these is the 
opening for the inferior vena cava which pierces the central tendon of the dia- 
phragm opposite T8 at the summit of the dome and just to the right of the midline. 
Piercing the diaphragm lower down on its posterior wall, opposite T10, is the 
esophageal opening which lies to the left of the midline. Lowest of all is the aortic 
opening which is a hiatus between the two crura opposite T12 in the midline. In 
addition to the aorta itself, the aortic opening also allows the passage of the tho- 
racic duct and occasionally the azygos vein. 

The descending part of the thoracic aorta, the continuation of the aortic arch, 
begins opposite T4 and runs down to enter the abdomen through the aortic 
opening at T12. This part of the aorta lies first to the left of the thoracic vertebral 
bodies but gradually moves toward the midline which it attains just before passing 
through the diaphragm. In its course the descending thoracic aorta makes contact 
with the left sympathetic trunk, the left splanchnic nerves, and with the hemiazygos 
veins and their tributaries. From its posterior surface it gives origin to the lower 
nine posterior intercostal arteries, as previously described ( Fig. 7). 

The thoracic part of the esophagus descends in the midline in front of the 
thoracic vertebral bodies. Inferiorly, it diverges to the left and crosses anterior to 
the aorta to gain the esophageal opening in the diaphragm. It passes through this 
Opening accompanied by the anterior and posterior vagal trunks. 

The esophagus is innervated through the esophageal plexus (Figs. 24 and 32) 

» Teceives its blood supply mainly by branches from the aorta. 


into the lumen of the esophagus as varices which 

uses of bleeding into the stomach. 

m ida of the relatively mobile stomach may herniate through the diaphragm 
€ thorax. This commonly occurs through the points of anatomical weakness, 


ie., posteriorly between the costal and | igi i i 
umbar origins of the diaphragm nteri- 
orly between the sternal and costal origins. ai dada 


may rupture and are one of the ca 
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The Mediastinum: 
Ш. The Second Plane—The Trachea 


All of the structures of the mediastinum still to be described are above the level 
of the dome of the diaphragm. They thus occupy the very limited area bounded 
posteriorly by the upper eight thoracic vertebrae and anteriorly by the manubrium 
and body of the sternum. When it is remembered that the first rib slopes downward 
and forward, and that the upper border of the sternum is opposite T2, it becomes 
apparent that certain of the upper mediastinal structures, while intrathoracic in 
the sense that they lie opposite T1 or T2, are also within the neck in that they 
rise above the sternum. 

This illustration is concerned with the fundamental relationships, within the 
mediastinum, of the esophagus and descending thoracic aorta to the trachea. 

The esophagus rests directly against the vertebral column and its related nerves, 
veins, and arteries. The thoracic duct is behind the esophagus throughout most 
of its course, but in its upper portion moves to the left and lies between the left 
border of the esophagus and the thoracic vertebrae. 

The descending thoracic aorta begins at the left side of the esophagus opposite 
T4. It descends in this position until it attains the level of the diaphragmatic dome 
(T8) where it begins to pass medially behind the esophagus. It will be recalled 
that the descending thoracic aorta continues down behind the diaphragm to gain 
the abdomen by passing through (actually behind) the diaphragm opposite T12. 
Posterior to the descending thoracic aorta are the left sympathetic trunk, the left 


Which arise from its own posterior surface. It is obvious that a pathological dilata- 
tion (aneurysm) of this part of the aorta on the medial side may erode the left 
side of the adjacent thoracic vertebrae, while posteriorly, it may irritate the ad- 
Jacent intercostal nerves causing considerable pain. 


for the superior, middle, and inferior lobes of the lung respectively. The right 
superior lobar bronchus lies above the ri 


bronchus upon reaching the lung. 
4 The trachea and bronchi are innervated 
M, Spe ial bronchial arteries derived either from the intercostal arteries or from 
e aorta itself supply the bronchi and their ramifications 
The cartilaginous reinforcements of t i 
left (principal) bronchus form a rather гір; 


through the pulmonary plexuses (Fig. 
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The Mediastinum: 
IV. The Third Plane—The Pulmonary Trunk and Its Branches 


The pulmonary trunk arises from the right ventricle and passes directly upward 
and backward until it reaches the left (principal) bronchus. Here it terminates by 
dividing into right and left branches of approximately equal length. Thus, the right 
pulmonary artery runs laterally in front of the bifurcation of the trachea and then 
in front of the right (principal) bronchus while the left pulmonary artery runs 
laterally in front of the left (principal) bronchus. The right and left pulmonary 
arteries usually subdivide again before entering the lung tissue, 
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The Mediastinum: 
V. The Fourth Plane—The Arch of the Aorta and Its Branches 


The aorta arises from the left ventricle behind the pulmonary trunk. It runs upward 
as the ascending part of the aorta, passing both forward and to the right as far 
as the level of the 2nd costal cartilage where it is renamed the arch of the aorta. 

The ascending part first lies posterior to the pulmonary trunk but rapidly gains 
the right side of this vessel and finally lies anterior to the right pulmonary artery. 

The arch of the aorta, which begins opposite the upper border of the 2nd costal 
cartilage on the right, sweeps backward and to the left to reach the lateral aspect 
of the 4th thoracic vertebral body where it is renamed the descending thoracic 
aorta. The aortic arch is first in front and then to the left of the trachea, and su- 
perior to the undivided pulmonary trunk, the left pulmonary artery, and the left 
(principal) bronchus. The inferior aspect of the aortic arch is joined to the left 
pulmonary artery by the ligamentum arteriosum, the remnant of the fetal ductus 
arteriosus. 

Considered as a whole, notice that the aorta encircles the unit formed by the 
pulmonary arteries and the bronchi (Figs. 13 and 26). 

Three major arteries arise from the superior aspect of the arch of the aorta. 
It is obvious that since the arch passes backward as it moves from right to left 
the first of these will be somewhat anterior to the second and the second anterior 
to the third. 

The first great vessel is the brachiocephalic artery. It arises approximately in 
the midline and ascends, lying first in front and then to the right of the trachea, 
to end by dividing into the right subclavian and right common carotid arteries 
behind the right sternoclavicular joint. 

The second great vessel is the left common carotid artery which arises to the 
left of the midline and passes directly upward along the left side of the trachea 
into the neck. 

The third great vessel, the left subclavian artery, arises to the left of and behind 
the left common carotid artery. It, too, ascends into the neck to the left of the 
trachea, then arches laterally toward the axilla. 

_ Aneurysm of either the arch of the aorta or of one of the three great vessels 
given off from it may bulge Posteriorly and compress or displace the trachea; it 
may also bulge forward, eroding the sternum or costal cartilages. In the latter case, 
such an aneurysm may actually be visible as a pulsating tumor in the chest wall. 
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The Mediastinum: 
VI. The Fifth Plane—The Superior Caval Venous System 


The aorta and its branches carry the systemic arterial outflow from the heart. The 
systemic venous return to the heart is correspondingly carried by the superior and 
inferior venae cavae. This figure is concerned with the superior vena cava and those 
large vessels in the thorax which empty into it. In general, these vessels, here col- 
lectively termed the “superior caval system,” lie anterior to the corresponding arte- 
rial channels. 

The right and left brachiocephalic veins are each formed by the union of sub- 
clavian and internal jugular veins, behind the sternal end of the corresponding 
clavicle. The subclavian vein drains the whole of the upper limb, while the internal 
jugular vein receives almost all of the blood from the head and neck. Both these 
veins have valves close to their point of union; these are the last valves encountered 
by the venous blood on its way to the heart. 

The brachiocephalic veins unite to form the superior vena cava just behind the 
first costal cartilage on the right. The right brachiocephalic vein runs almost 
directly downward from its origin to its termination lying anterior and somewhat 
to the right of the brachiocephalic artery. The left brachiocephalic vein, in contrast, 
passes across to the right in front of the trachea, finally terminating in front of 
the brachiocephalic artery. In this transverse course the left brachiocephalic vein 
is only a short distance above the arch of the aorta and directly behind the 
manubrium sterni. In infants this vein is not completely covered by the sternum 
but rides just above it so that the vein is open to injury in this area. 

The superior vena cava runs down lying to the right of the ascending part of 
the aorta and empties into the right atrium. It is usually slightly overlapped by 
the aorta. It is most important to realize that just above the heart the superior 
vena cava, the aorta, and the pulmonary trunk lie one beside the other in that 
order from right to left. Enlargement or shrinkage of either one will affect the 
radiographic shadow cast by the whole group. 

It will be seen later that the superior vena cava receives the azygos vein into 
its posterior aspect (Fig. 27). 

The entire venous blood flow from the thoracic cage as well as that from the 

upper limb and head and neck is returned to the superior vena cava. If the flow 


from the superior vena cava to the heart is impeded, these parts all become en- 
gorged and sometimes edematous. 
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The Mediastinum: 
VII. The Heart: I 


The largest structure in the mediastinum is the heart, here considered only in its 
general relationship to those other mediastinal structures which have already been 
described. 

The heart extends from the great vascular trunks (superior vena cava, aorta, 
pulmonary trunk) superiorly, to the diaphragm inferiorly, and from the sternum 
anteriorly to the esophagus posteriorly. It is triangular in shape; its right border 
extends convexly slightly beyond the right margin of the sternum; its left border 
extends convexly from the left margin of the sternum to the Sth interspace in the 
midclavicular line (about 9 cm from the midline); its inferior border rests on the 
summit of the central tendon of the diaphragm. The left and inferior borders mect 
in the rounded apex. 

Within the three borders, the main surfaces can be described. The anterior or 
sternocostal surface, shown here, constitutes that surface of the heart directly avail- 
able for clinical examination. The posterior aspect is divided into two approxi- 
mately equal halves by the posterior part of the coronary sulcus which runs diagon- 
ally downward from left to right, as indicated in the diagram. That part of the 
posterior aspect of the heart which lies above and to the right of this sulcus is 
rendered relatively immobile by the short pulmonary veins and by the superior 
and inferior venae cavae which attach it to other viscera (Fig. 23B). This portion 
of the posterior aspect is thus spoken of as the base of the heart. In contrast to 
the base, that portion of the posterior aspect of the heart below and to the left 
of the sulcus slopes downward and forward and rests on the anterior half of the 


eee (Fig. 26). This portion is termed the diaphragmatic surface. It is freely 
mobile. 


FIGURE 16 
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VIII. The Heart: П—Тһе Left Atrium 


Before proceeding with a detailed analysis of the heart as a whole it is necessary 
to understand the shape and orientation of each of the four muscular chambers 
which make up this important organ. This will be done by building up the heart 
one chamber at a time beginning posteriorly. It should be clearly understood that 
these illustrations are entirely imaginary and diagrammatic. It is quite impossible 
to dissect the cardiac chambers free of one another as here presented. The left 
atrium, which is the most posterior chamber of the heart, will be considered first, 
seen from in front with most of its anterior wall removed. Once the arrangement 
of the cardiac chambers is clearly understood it is, however, best to think of these 
chambers in the order of blood flow, i.e., right atrium—right ventricle—lun gs—left 
atrium—left ventricle. 

The left atrium is a thin-walled, quadrilateral chamber which receives oxygen- 
ated blood from the lungs through the four (usually) pulmonary veins. These veins 
enter the chamber at the right and left margins of its posterior aspect but are not 
necessarily symmetrical on the two sides. The superior border of the atrium is rela- 
tively horizontal, while the inferior border presents an elliptical orifice. This left 
atrioventricular or mitral orifice leads directly down and slightly to the left into 
the left ventricle. The orifice is guarded by the fibrous leaves of the mitral or bi- 
cuspid valve. 

The posterior wall of the atrium is smooth and its related pericardium is in direct 
contact with the esophagus (Fig. 26). It is the posterior aspect of this chamber 
which forms most of the base of the heart (Fig. 23B). The anterior surface of the 
left atrium is relatively smooth and almost completely masked, as will be seen, by 
the more anterior parts of the heart and its great vessels. Its left margin is pro- 
longed forward as the left auricle, which is a spongework of muscle fibers. Atten- 
tion is directed to the membranous fossa ovalis locate 


1 Д d in the right third of the 
anterior wall of this muscular atrium. 

| The capacity of the left atrium, like that of the other chambers of the heart, 
is of the order of 100 ml, When fully filled, its least dimension is that between 


the anterior and posterior walls. The mitral orifice will normally admit the tips 
of two fingers, being about 10 cm in circumference, 
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The Mediastinum: 
IX. The Heart: III—The Left Ventricle 


The left ventricle is a thick-walled, conical chamber located immediately below 
the left atrium. As already stated, the mitral orifice between the left atrium and 
ventricle is guarded by the mitral or bicuspid valve. The more anterior of the cusps 
of this valve is secured by chordae tendineae to papillary muscles which are con- 
tinuous with the musculature of the right and anterior walls of the ventricle. The 
chordae tendineae of the posterior cusp run down to papillary muscles located in 
the lower part of the ventricle as well as to muscles in the posterior wall. 

The mitral valve with its associated tendinous cords and papillary muscles forms 
an efficient system for closing off the mitral orifice. As the ventricle fills, the cusps 
are floated up into apposition until they almost occlude the orifice. Then, as ven- 
tricular systole begins, the blood, under increased pressure, forces the complete 
closure of the valve. The stabilizing influence of the simultaneously contracting 
papillary muscles prevents the cusps from being pushed out in the opposite direc- 
tion into the atrium. Pathological limitation of the excursion of the mitral cusps 
can prevent their proper closure (mitral incompetence) so that regurgitation of 
blood into the atrium occurs during ventricular systole. Fusion of the cusps narrows 
(stenoses) the mitral orifice so that blood flows into the ventricle with difficulty. 

Anterior to the mitral orifice, the left ventricle continues into the aorta. Indeed, 
the anterior cusp of the mitral valve faces the inflow from the atrium on one side 
and the outflow into the aorta on the other. After it arises from the ventricle, the 
aorta is directly applied to the anterior wall of the left atrium. Its broad inferior 
portion is occupied by the three semilunar cusps of the aortic valve. In this illustra- 
tion, the posterior cusp, located on the posterior wall of the aorta a little to the 
right of the midline, is shown in its entirety. A piece of the left cusp is also figured, 
while the right cusp has been removed along with the anterior wall. Each cusp 
wisi ee. the wall of the aorta along an arc while the free upper 
Muere pae 5 Р ue а forming a small pouch. The center of the free 
Ше аР uu drag e | чы ргезепсе of a firm, fibrous nodule. The wall 
suet MT usp is bulged out with the result that the pouch is deep- 
and ы озш; Led z Valsalva). It will be seen later that the right 
оны Spring from the sinuses associated with the right and 

ve. 
б ra contracts the blood is ejected into the elastic aorta, 
ic valve flat against the wall. As the ventricle relaxes, 


the distended aorta, contracting down on its reservoir of blood, forces the semilunar 
valves shut and propels the stream peripherally. 

Notice that the fibrous ori 
valve. Disease of one valve 


y these valves overlie one another, they can be 
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valve in the direction of blood flow. En йы 
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The Mediastinum: 
X. The Heart: IV—The Right Atrium 


In this illustration the left ventricle and the aorta are closed off so that only their 
anterior aspect is visible. The right atrium has been added. 

The right atrium is an oval chamber with its long axis placed vertically. It lies 
to the right of the aorta and directly in front of the right third of the left atrium. 
Indeed, the anterior wall of this part of the left atrium forms almost the whole 
of the posterior wall of the right atrium. This common wall is termed the interatrial 
septum (Fig. 23B). This septum is occupied largely by the fossa ovalis, which 
is almost entirely membranous. A persistent septal defect here, permitting the 
passage of blood from the left atrium, with its slightly higher pressure, into the 
right atrium, is a not uncommon cardiac abnormality. 

On its inner aspect, the posterior wall of the right atrium is smooth; the anterior 
wall has a series of muscular ridges, the musculi pectinati (not shown here). The 
right auricle projects forward from the upper part of the left border of the atrium. 
This appendage, like that of the left atrium, consists of a muscular latticework. 
Because blood flow in and around the spongy auricular appendages is sluggish, 
they tend to be common sites for the formation of thrombi. 

Venous blood enters the right atrium through the superior and inferior venae 
cavae, It then passes into the right ventricle through the right atrioventricular or 
tricuspid orifice in a stream directed almost horizontally to the left. This orifice 
is of a size sufficient to admit the tips of three fingers, being about 13 cm in cir- 
cumference. The coronary sinus, to be described later, opens into the right atrium 
between the fossa ovalis and the right atrioventricular orifice. 


The position of the posterior part of the coronary sulcus should now be visual- 
ized by reference to Figure 18. 


The Heart: IV—The Right Atrium FIGURE 19 


fossa ovalis 


inf. vena cava 


fricuspid “| posl. susp 


seplal cusp 


THE THORAX 
—_ _ _—_ —_ ——_ 


The Mediastinum: 
XI. The Heart: V—The Right Ventricle 


The right ventricle is triangular in shape. At its right side it communicates with 
the right atrium through the tricuspid orifice and at its upper end with the pul- 
monary trunk. Its anterior wall, removed in this figure, forms about half of the 
sternocostal surface of the heart. The right third of the sternocostal surface of the 
heart is, of course, formed by the right atrium and the rest by the left ventricle. 
The posterior wall of the right ventricle is obviously the obliquely placed “right 
wall” of the left ventricle—i.e., the interventricular septum. 

The muscular wall of the right ventricle is thin and smooth in its upper third 
where it forms the area referred to as the conus arteriosus (infundibulum). Supe- 
riorly, the conus arteriosus constricts to form the pulmonary trunk which runs up 
and back directly in front of the left atrium. The base of the pulmonary trunk 
supports three semilunar cusps of the pulmonary valve, which is similar to the 
aortic valve except that in this case the cusps are right, left, and anterior. The 
left cusp is shown in this diagram. 

Of the three leaves of the tricuspid valve between right atrium and right ventri- 
cle, only the anterior cusp is here seen in its entirety, but the three cusps are well 
seen in Figure 19. The tendinous cords of the anterior cusp originate from papillary 
muscles located in the anterior and inferior walls of the ventricle. The posterior 
cusp is named for the fact that its tendinous cords arise from papillary muscles 
located in the posterior part of the wall of the right ventricle. It is seen only in 
part here since it extends upward to form the lower part of the posterior margin 
of the atrioventricular orifice. Similarly, the septal cusp is here seen only superiorly, 
but also extends downward around the posterior margin of the orifice to meet the 
Posterior cusp. The tendinous cords of the septal cusp originate from papillary 
muscles attaching to the upper posterior part of the interventricular septum, The 
Posterosuperior part of the interventricular septum just below the conus arteriosus 
is thin and membranous and hence called the membranous part. 

Some features of the heart as a whole can be reviewed at this point. The right 
border of the heart is formed entirely by the right atrium. The left border of the 
heart is likewise formed entirely by the left ventricle. The inferior border is formed 
largely by the right ventricle but the apex belongs to the left ventricle, The sterno- 
costal surface is formed from right to left by the right atrium, right ventricle, and 
a small part of the left ventricle. The diaphragmatic surface of the heart is formed 
ne pee but in small part by the right ventricle. The base of 
GOD жш: е left atrium and the pulmonary veins and also in small 
aoe d S A e of the superior and inferior venae cavae. (The 
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The Mediastinum: 

XII. The Heart: VI—The Arterial Blood Supply 


Before the arterial blood supply of the heart is considered, some attention should 
be given to the grooves on the surface. The posterior part of the coronary sulcus 
has been indicated (Fig. 16). The anterior part of this sulcus is readily recognized 
on the sternocostal surface of the heart as an almost vertical demarcation between 
the left side of the right atrium and the adjacent part of the right ventricle. The 
ventricular part of the heart is likewise demarcated on the surface by an inter- 
ventricular sulcus. The anterior part of this sulcus is almost vertical ; the posterior 
part is almost horizontal on the diaphragmatic surface. The heart muscle itself is 
nourished directly from the ascending aorta through two large coronary arteries. 

The right coronary artery arises from the aorta at the right aortic sinus. It passes 
directly forward between the pulmonary trunk and the right auricle to gain the 
anterior part of the coronary sulcus. It passes down this sulcus between the right 
atrium and the right ventricle as far as the inferior border of the heart. Here it 
winds around posteriorly to gain the posterior part of the coronary sulcus. It 
ascends this groove to anastomose with terminal branches of the left coronary 
artery and gives off a constant posterior interventricular branch. This branch turns 
abruptly down in the interventricular sulcus on the diaphragmatic surface of the 
heart. In its course, the right coronary artery supplies numerous branches to the 
adjacent portions of the heart. 

The left coronary artery arises from the aorta at the left aortic sinus. It passes 
to the left border of the heart lying between the pulmonary trunk anteriorly and 
the left atrium and its auricle posteriorly. Close to the left border of the heart 
the left coronary artery divides to give a large anterior interventricular branch and 
a smaller circumflex branch. 

The anterior interventricular branch, commonly the direct continuation of the 
left coronary, passes forward on the left side of the pulmonary trunk to gain the 


anterior interventricular sulcus. It runs down this groove to the inferior border 
of the heart, which it meets about 2 to 3 c 
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The Mediastinum: 

XIII. The Heart: VII—The Venous Drainage 


The return of blood from the heart muscle to the general circulation is accom- 
plished by three main routes—a large collecting system, an unsystematized diffuse 
collecting system, and a few special small veins. 

The large collecting system, consisting of a series of veins located on the surface 
of the heart, conveys blood to the coronary sinus. For the most part, these veins 
lie in the cardiac grooves alongside the coronary arteries. The coronary sinus, a 
thin-walled channel approximately 2 to 3 cm in length, is located at the extreme 
right of the posterior part of the coronary sulcus. So deeply embedded in the sulcus 
is the coronary sinus that myocardial fibers frequently cross its surface. The sinus 
opens directly into the right atrium. 

Among the named veins draining into the coronary sinus are the great, middle, 
and small cardiac veins. The great cardiac vein passes upward in the anterior inter- 
ventricular sulcus and then around the left border of the heart to gain the posterior 
part of the coronary sulcus and hence the left end of the coronary sinus. It thus 
drains part of the right and left ventricles and part of the left atrium. The middle 
cardiac vein runs upward in the posterior interventricular sulcus to reach the cor- 
onary sinus. It drains the right and left ventricles. The small cardiac vein receives 
blood from the inferior border of the heart and drains into the right end of the 
coronary sinus. Numerous veins run from the right atrium directly into the right 
end of the coronary sinus. Still other veins make this coronary sinus system capable 
of draining all of the heart muscle. 

An unsystematized collection of blood is effected by means of numerous minute 
veins, the venae cordis minimae (Thebesian veins) which open directly into all 
chambers of the heart. 

The special small veins are those few channels which drain the anterior wall 
of the right atrium and of the right ventricle. These anterior cardiac veins empty 
independently into the right atrium. 

The nerve supply of the heart will be considered in Figure 32. 
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XIV. The Heart: VIII—The Pericardium 


The heart, together with portions of all the vessels which leave or enter it, is 
enclosed within a sturdy fibrous sac, the fibrous pericardium (not shown here). 
Considered in its gross relationships, the fibrous pericardium is a pyramidal sac 
attached superiorly to the three great vessels (superior vena cava, aorta, and pul- 
monary trunk) and inferiorly to the central tendon of the diaphragm. Superiorly, 
the fibrous tissue of the pericardium fades out by blending with the adventitia of 
the great vessels. Inferiorly, although the margins of the fibrous pericardium can 
be separated from the diaphragm, the central portion of its base is indistinguishably 
blended with the central tendon of the diaphragm. Anteriorly, the pericardium is 
related to the sternum and 2nd to 6th costal cartilages, while posteriorly it is related 
to the esophagus and descending part of the aorta in front of the Sth to 8th thoracic 
vertebrae inclusive. 

The interior of the fibrous pericardium (seen here) is lined by a flat layer of 
surface mesothelium, the parietal layer of serous pericardium which is reflected 
on to the heart itself as the visceral layer of serous pericardium. (This refiection 
is most easily understood by considering for a moment the development of the 
fetal heart. As the heart develops, it bulges forward from the posterior pericardial 
wall into the pericardial cavity, carrying with it a complete investment of the 
mesothelium which originally lined the cavity. Thus, both the heart and the peri- 
cardium are lined by the same continuous membrane.) The reflection of parietal 
pericardium on to the heart as visceral pericardium occurs around the large vessels 
which form the base of the heart. The visceral pericardium is actually fused to 
the heart muscle and commonly termed the epicardium. 

The pulmonary trunk and aorta are encased separately from all other vessels of 
the base of the heart in a common sheath of the visceral pericardium. Conse- 
quently, it is possible to pass a finger from left to right behind these vessels and 
to emerge in front of the superior vena cava. The finger is in contact with parietal 
pericardium posteriorly and visceral pericardium on all other sides as it lies in this 
transverse sinus. In A of this figure, a segment of the two arterial trunks has been 
removed to expose the transverse sinus. 

In B, most of the heart has been removed, leaving the superior and inferior venae 
cavae with a little of the right atrium between them, about half of the left atrium, 
and a piece of the interatrial septum. The parietal pericardium reflects on to the 
venous end of the heart around, the superior and inferior venae cavae and the pul- 
monary veins as visceral pericardium. These latter structures constitute the venous 
py xx Es n e Vae ge hand passed around the right side 
Tha hand ране oi ies = ine of reflection between the two venae cavae. 
vear А o m the left is stopped by the same reflection, 
ena ore ап р ght up be nd the left atrium into the U-shaped pocket 

its margins by the reflections on to the pulmonary veins. This U-shaped 


pocket, whose right margin can be considered to extend down to the inferior vena 
Cava, is termed the oblique sinus. 
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The Mediastinum: 

XV. The Vagus Nerve 


The vagus nerve is the sole source of parasympathetic nerve impulses to the struc- 
tures of the thorax as well as the major source of parasympathetic innervation 
for most of the abdominal viscera. 

The visceral branches of the vagus follow a rather standard pattern. First, one 
or more branches leave the main trunk and approach the viscus. Before they reach 
it, these branches subdivide to form (together with sympathetic fibers from the 
sympathetic trunk) a matted network or plexus. From this plexus, intermingled 
parasympathetic and sympathetic fibers pass directly to the viscus. The parasympa- 
thetic vagal fibers continue through the plexus as preganglionic fibers to synapse 
in or close to the viscus innervated, By contrast, most of the sympathetic fibers 
entering the plexus are postganglionic; those which are preganglionic usually synapse 
in small ganglia located within the plexus. Thus, ganglia are commonly associated 
with these autonomic plexuses (e.g., cardiac plexus, cardiac ganglion). 

The course of the vagus in the thorax is fundamentally the same on the two 
sides, modified, of course, by the lack of bilateral symmetry in the mediastinum. 
The right vagus enters the thorax after passing in front of the right subclavian 
artery. It lies first lateral to, then behind the brachiocephalic artery, and finally 
against the side of the trachea. Upon reaching the right (principal) bronchus, the 
main body of the nerve passes behind this structure, giving off pulmonary branches. 
These branches enter the anterior and posterior pulmonary plexuses located on 
the front and back of the bronchus respectively (not shown here). Below the 
bronchus, the nerve approaches the esophagus, dividing into esophageal branches 
which participate in the posterior part of the esophageal plexus. Just above the 
esophageal opening in the diaphragm, the vagal fibers of this plexus recombine 
to reconstitute the posterior vagal trunk which passes into the abdomen lying ap- 
plied to the posterior aspect of the esophagus. 

In the course just described, the right vagus also gives off the recurrent laryngeal 
nerve, which loops back up behind the subclavian artery to enter the neck, and 
cardiac branches, which pass to the heart through the cardiac plexus (Fig. 32). 

The left vagus passes into the thorax lying between the common carotid artery 
anteriorly and the subclavian artery posteriorly. It then passes in front of the arch 
of the aorta to reach the left ( principal) bronchus where it gives off pulmonary 
a T same manner as on the right. The main body of the nerve runs 

eft bronchus and, inclining medially, approaches the anterior surface 
of the esophagus, where it breaks up into esophageal branches which participate 
in the anterior part of the esophageal plexus. Like the right vagus, the left vagus 
Teconstitutes itself beyond the plexus and passes into the abdomen applied to the 
anterior aspect of the esophagus as the anterior vagal trunk. 

In its course, the left vagus gives off branches similar to those of the right. The 
recurrent laryngeal nerve loops back up around the arch of the aorta posterolateral 
Ms s н она and then runs upward posterolateral to the trachea 

Structure and the esophagus. The cardiac branches, not 
shown here, accompany the parent trunk across the aortic arch. 
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The Mediastinum: 
XVI. The Phrenic Nerve 


The phrenic nerve (C3, 4, 5) runs vertically through the thorax on its way to 
innervate the diaphragm. The fundamental similarity of the course on either side 
is modified, as in the case of the vagus, by the asymmetry of the mediastinum. 
The right phrenic nerve leaves the neck by crossing either superficial or deep 
to the internal thoracic artery. In this position, the nerve is posterior to the sub- 
clavian vein. The right phrenic nerve then gains the right side of first the right 
brachiocephalic vein, then the superior vena cava, and finally runs along the fibrous 
,"*'""péticardium overlying the right atrium. Upon reaching the diaphragm, terminal 
^- fibers of the nerve pass through this structure and fan out into its under surface. 
The left’ phrenic nerve similarly leaves the neck by crossing either superficial 
or deep to. the internal thoracic artery to enter the thorax just to the left of the 
left common ‘carotid artery and between it and the left subclavian artery. It de- 
scends in this'position, travelling medially, and passes superficial to the vagus nerve 
just above the arch of the aorta. The left phrenic nerve then crosses the arch of 
the aorta médial and anterior to the vagus and passes in front of the root of the 
lung to gain the pericardium. Finally, it runs down to the diaphragm applied to 
the lateral aspect of the fibrous pericardium covering the left ventricle and is dis- 
tributed to the diaphragm in the same fashion as the right phrenic. 
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The Mediastinum: 
XVII. The Left Side 


In this figure, the larger of those structures of the mediastinum which can be seen 
from the left side are shown schematically in order to emphasize their relationships. 
The structures have been somewhat separated in order to make this more apparent, 
and there is an unnaturally large space between the sternum and the viscera. 

From this view it becomes obvious again that the anterior surface of the heart 
is predominantly right ventricular while the diaphragmatic surface and left border 
are left ventricular. Radiological examination of the heart in this view is helpful 
in demonstrating enlargement of these ventricles, especially since the right ventricle 
tends to enlarge anteriorly. 

The arch of the aorta is seen to extend from the sternum anteriorly to the 4th 
thoracic vertebra posteriorly. It can also be seen that the pulmonary trunk passes 
not only upward but backward as well, to bifurcate in the concavity of the aortic 
arch. The posteriorly placed left atrium is clearly seen as are the left pulmonary 
veins which enter it. The left bronchus, the left pulmonary artery, and the left 
pulmonary veins together constitute the root of the lung. 

The trachea itself cannot be seen in this view, since it is covered by the left 
common carotid and left subclavian arteries which ascend on its left side. 

The esophagus descends through the thorax lying between the trachea and the 
bodies of the thoracic vertebrae, then moves forward to lie behind the left atrium 
and left ventricle. Notice that the esophagus becomes anterior to the descending 
aorta before piercing the diaphragm. A pathological enlargement of the thin-walled 
left atrium usually occurs posteriorly and so deforms the esophagus. This finding, 
When present, can readily be elicited by outlining the esophagus with barium while 
viewing the thorax from this aspect. 

For descriptive purposes, the mediastinum may be subdivided by a line joining 
the sternal angle to the fourth thoracic vertebra as in this illustration. The superior 
mediastinum, above this line, contains the esophagus, the trachea, the three great 
branches of the aorta, the brachiocephalic veins and superior vena cava, parts of 
the Phrenic and vagus nerves, and the thymus gland (or in the adult, its remains). 
ee e See below this line, may be subdivided again into a small 
nih gana а ш a Sed ne the heart, containing little other than a few small 
jer andy ess Е lastinum, containing the pericardial sac and its con- 

lastinum, lying behind the heart, containing the esopha- 


gus and descending aorta. These subdivisions are used clinically for the localization 
of abnormalities, 
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The Mediastinum: 
XVIII. The Right Side 


In this figure, the mediastinum is viewed from the right side in order to establish 
the relationships of the larger structures. 

In this view, the right atrium forms most of the visible surface of the heart. 
The right ventricle, occupying the anterior aspect of the heart, is responsible for 
the anterior margin of the hearts outline in this position as it was on the left, 
and in a radiological view it is readily delineated. The left atrium is again seen, 
at least in small measure, as it occupies the posterior aspect of the heart. The 
superior vena cava and its upward continuation, the right brachiocep! 
are prominent above the heart. The trachea is seen behind these veins, and it 
should be remembered that the right vagus nerve, although it is not shown 
is directly applied to this aspect of the trachea. 

The right pulmonary artery lies between the eparterial and hyparteria! bronchi 
and the superior vena cava. Note again the bronchi, ory, and 
the pulmonary veins constituting the structures of the root of the lung. The azygos 
vein, whose manner of formation has been described (Fig. 8), runs upw lying 
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The Lungs: 
I. The Pleura 


In this figure the left side of the mediastinum is again illustrated. 

The interior of the thoracic cavity is lined by parietal pleura reflected to form 
a separate and complete sac on either side of the mediastinum. The pleura is de- 
scribed in terms of those structures with which it comes in contact. Thus, the 
mediastinal pleura is closely applied to the structures of the mediastinum, Pos- 
teriorly, the mediastinal pleura is reflected to line the deep aspect of the ribs and 
intercostal muscles as the costal pleura, which sweeps around the interior of the 
thoracic cage to the front to be reflected, close to the sternum, again on to the 
mediastinum. This completes the encirclement in the horizontal plane. 

Inferiorly, both the mediastinal and costal pleurae are reflected on to the surface 
of the diaphragm as the diaphragmatic pleura. Superiorly, costal and mediastinal 
pleurae rise up to meet one another opposite the neck of the first rib as the dome 
or cupula of the pleura. Due to the downward and forward inclination of the Ist 
rib, the cupula is unprotected by bone for a distance of approximately 2 ст above 
the anterior part of this rib. It should be appreciated that the intercostal nerve, 
artery, and vein are separated from the costal pleura only by Transversus Thoracis. 
Since this muscle is rather incomplete, these structures in many places rest directly 
against the pleura. 

Parietal pleura is reflected outward from the root of the lung as visceral pleura 
Which forms a complete investment for the lung itself. The elasticity of the lung 
pulls it slightly away from its confining cavity so that a space exists between the 
lung, covered by visceral pleura on the one hand, and the parietal pleura of the 
thoracic cage on the other. This pleural cavity is more potential than real in some 
places (costal surface) but quite real in others (costodiaphragmatic recess). 

The pressure within the pleural cavity is ordinarily slightly lower than that of 
the outside atmosphere. On inspiration, the increase in the thoracic dimensions 
tends to increase the negative (suctional) intrathoracic pressure, drawing the lungs 
out into the slight vacuum thus created. Obviously, a communication between the 
outside air and the pleural cavity (pneumothorax), either through the lung or 
through the chest wall, will equalize the pressure between the two. In such a case, 
the elastic recoil of the lungs, which tends to cause them to collapse, will not be 
hindered by any suctional pressure in the thoracic cavity. The lung will not, of 
course, collapse if it is adherent, even partially, to the thoracic wall. A collapsed 
lung is airless (atelectatic) but tke vascular nutrition is unimpaired. 

E E eru. as it does of a number of separate structures, none 
Vin ra icd fg : is, з a whole, mobile. In a sudden pneumothorax, the 
КОШЕ oh that aide яая асы thus Produces a situation where barometric 
unt Wil be Paed oper cy aid prm is higher than on te otlier: The mediasti- 
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The Lungs: 
II. The Gross Configuration 


The right lung as seen from the medial aspect is shown here to serve as a model 
for the remarks which follow. 

The spongy network of air sacs and their associated structures which make up 
the lungs occupy the thoracic cavity on either side of the mediastinum. Lungs 
hardened in situ bear the impress of the structures bounding the pleural cavities, 
but in the living state no such impressions are actually present. For descriptive 
purposes the lungs, like the pleurae, are delineated in terms of the wall of the 
thoracic cavity with which they are in contact. There are thus costal, mediastinal, 
and diaphragmatic surfaces. The costal surface, applied to the inner aspect of the 
ribs, meets the mediastinal surface posteriorly in the broad, round posterior border 
and anteriorly in the sharp anterior border. The inferiorly placed diaphragmatic 
surface meets the costal and mediastinal surfaces in a rather sharp inferior border. 

Both lungs are divided by fissures into grossly distinguishable lobes. The oblique 
fissure, present in both lungs, cuts the lung into two almost separate pieces. This 


fissure is a diagonal line cutting the costal, diaphragmatic, and mediastinal surfaces 
in a downward and forward direction, dividing the lung into a superior and inferior 
lobe. The inferior lobe is obviously placed behind the upper with the result that 
its apex may be examined clinically only from behind, where it lies about 6 cm 


below the apex of the upper lobe. The position of the fissure may be trac 
on the surface of the body. When the subject’s hand is placed behind his head, 
the line drawn along the vertebral border of the scapula and then continued down- 
ward to the “costal margin” indicates the position of the oblique fissure. 

A secondary horizontal fissure, in the right lung only, separates off the lower 
portion of the superior lobe as the middle lobe. On the surface this fissure extends 
around from the oblique fissure to the sternum at the level of the 4th costal car- 
tilage. Accessory fissures occur occasionally in both lungs, Disease confined to one 
of the lobes is described as having a lobar distribution. The important surface rela- 
tions of the lung are considered with those of the pleura in Figure 31. 

{ The lungs are supplied with arterial blood by the bronchial arteries which arise 
either directly from the aorta or indirectly from the intercostal arteries. In addition, 
the alveoli, in which the respiratory exchange occurs, are directly nourished by 
the surrounding capillaries. Venous blood is carried to the lungs by the pulmonary 
arteries and their branches, “arteriolized” by oxygenation in the capillary bed, and 
returned to the heart through ths pulmonary veins. 

The innervation of the lungs is considered in Figure 32. 
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The Lungs: 
III. The Bronchopulmonary Segments 


Of recent years, clinicians have become increasingly interested in the fact that the 
bronchi, in their subdivisions, seem to follow a fairly definable plan and to supply 
definite segments of lung tissue. The existence of these bronchopulmonary segments 
is substantiated by the fact that anomalous lung fissures may occur which actually 
separate the segments, that fibrous septa may occasionally be demonstrated be- 
tween them, that obstruction of certain bronchi produces predictable areas of 
atelectasis, and, finally, that disease Processes in certain of the segments may be 
attacked surgically by approaches directed only to the segment involved. These 
Segments are thus important not only to the surgeon but, for diagnostic purposes, 
to the physician as well. 

The diagrams presented here indicate the principal bronchopulmonary segments 
according to the Jackson-Huber classification. This terminology uses the same 
name for the lung segment as for the main stem bronchus supplying it. 

The right superior lobe has apical, posterior, and anterior segments. The middle 
lobe is subdivided into lateral and medial segments. The inferior lobe is segmented 
into one superior and four basal segments. The basal segments are named for their 
Position as well as for the fact that one surface in each case is basal, i.e., diaphrag- 


matic. These segments are thus termed anterior, lateral, posterior, and medial basal 
segments. 


the left is divided, like that of the right, into superior and basal segments, On the 


left, however, the anterior and medial basal segments are usually combined as one 
anteromedial basal segment, 
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In this figure, the surface markings of the heart and of the lungs and pleurae are 
presented. 

The parietal pleura on either side extends up a variable distance above the 
medial third of the clavicle into the root of the neck. Medially, both pleurae extend 
down behind the sternoclavicular joint to meet the midline at the sternal angle. 
On the right side, this medial limit of the pleura extends vertically down in the 
midline as far as the lower end of the body of the sternum before diverging lat- 
erally. The inferior limit of the right pleura then passes laterally to cross the 10th 
rib in the midaxillary line and around the back to the 12th rib. The me and 
inferior limits of the left pleura are identical with those of the right except that 
a small area between the 4th and 6th costal cartilages, extending out about 2.5 
cm lateral to the sternum, is devoid of pleura. As seen by the front, the lateral 
limit of the pleura of both sides is, of course, indicated by a line joining the 
inner aspect of all the ribs at their most lateral position. 

The lung fills the pleura almost completely so that its projection on the surface 
is the same as that of the pleura everywhere except inferiorly. Only in full inspira- 
tion does the inferior limit of the lung approximate that of the pleura. In full ex- 
piration the inferior limit of the lung may be traced out by a line beginning with 
the 6th costal cartilage adjacent to the sternum, the 6th costal cartilage in И 
clavicular line, the 8th rib in the midaxillary line, and passing from here hori: 
around the back, to the 10th thoracic vertebra. The mobility of the lung 
assessed clinically by percussing the lower margin of the lung posteriorly to deter- 
mine the extent to which it moves downward during inspiration. The surface mark- 
ings of the left lung differ from those of the right only because of the cardiac 
notch—an excavation in the anterior inferior part of the lung between the 4ih and 
6th costal cartilages extending laterally about 3.5 cm from the midline. The cardiac 
notch is a little more extensive than the corresponding notch in the pleura. 

) The normal heart, projected on the surface, is roughly triangular in shape. The 
right border extends from the upper border of the 3rd costal cartilage to the 6th 
costal cartilage with its maximum distance from the sternum being about 2 cm. 
The left border of the heart can be marked out by a line from the second costal 
cartilage, just to the left of the sternum, to the 5th costal cartilage or 5th interspace 
in the midclavicular line, about 9 cm from the midsternum. The inferior border 
of the heart joins the right and left borders as illustrated. Although these markings 
are given for the average normal heart, it should be realized that there is a fair 
i Tan Mo a most accurate way of locating the apex is by palpation 

y fluoroscopy. The pericardium, being closely applied to the 


heart, has no separate surface i : : 
; markings except in those diseas re it is 
distended with fluid. p e states where 


Projection of the great vessels and the valves on to the chest surface should 


P undertaken by the reader as this clarifies many of the clinical signs used in 
e differential diagnosis of cardiac disease. 
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The Autonomic Innervation 


The thoracic viscera, i.e., the heart, the lungs, the trachea and bronchi, and the 
esophagus, receive sympathetic innervation from the sympathetic trunk (right side 
of this diagram) and parasympathetic innervation from the vagus nerve (left side 
of this diagram). The supply of both sympathetic and parasympathetic fibers to 
each viscus passes through a plexus located close to the viscus itself. 

The cardiac plexus lies within the concavity of the arch of the aorta. The anterior 
and posterior pulmonary plexuses lie in front and behind the root of each lung, 
The esophageal plexus is related to the front and back of the esophageal wall. 

The cardiac plexus receives sympathetic fibers from the sympathetic trunk 
through the superior, middle, and inferior cardiac branches which arise from the 
superior, middle, and inferior cervical sympathetic ganglia in the neck. It also re- 
ceives some fibers directly from the upper five thoracic sympathetic ganglia. Para- 
sympathetic fibers to the plexus arise from the vagus both in the neck and in the 
upper part of its thoracic course. 

The anterior and posterior pulmonary plexuses receive sympathetic fibers directly 
from the upper thoracic ganglia of the trunk and indirectly through the cardiac 
branches of the sympathetic trunk. Parasympathetic fibers arise from the thoracic 
vagus directly and indirectly through its cardiac branches. 

The esophageal plexus, not shown here, receives sympathetic fibers from the 
upper thoracic ganglia of the trunk and parasympathetic fibers from the upper tho- 
racic part of the vagus (Fig. 24). 

This figure should be studied in conjunction with Figures 9, 10, and 24. 
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The Framework 


The walls of the abdomen consist largely of muscles and, only in small measure, 
of bone. Although some measure of protection is afforded the viscera of the upper 
abdomen by the lower ribs, the bony framework is for the most part restricted 
to the posterocentrally placed vertebral column and, in its inferior and lateral por- 
tions, to the hip bones. 

The vertebral column here consists of five large lumbar vertebrae which increase 
progressively in size from above downward. The largest, or 5th, articulates with 
the sacrum. This lumbar portion of the spinal column has a decided anterior con- 
vexity maintained by an extremely thick mass of muscle posteriorly and by the 
large intervertebral discs which deepen anteriorly. Mechanically, this portion of 
the spinal column is rather unstable. The vertebrae differ from the typical thoracic 
vertebrae in presenting a large oval body, a narrow, short transverse process, and 
à short, blunt spine. The superior and inferior articular facets are oriented in the 
sagittal rather than the coronal plane, thus inhibiting rotation. 

The sacrum consists of five fused vertebrae articulating above through an inter- 
vertebral disc with the 5th lumbar vertebra and below through a similar disc with 
the coccyx. Laterally, the sacrum articulates over a broad area with the right and 
left hip bones. 

Two portions of the hip bone (os coxae, innominate), separated from one 
another by the brim of the pelvis, are readily distinguished. Below the brim of 
the pelvis the hip bones participate in the formation of the pelvic wall, while above 
the brim the flaring iliac fossae provide posterior and lateral skeletal support for 
some of the abdominal viscera. The iliac fossae are bounded superiorly by the 
iliac crests which are readily palpated in the living subject. The anterior extremities 
of the iliac crests, the anterior superior iliac spines, are readily palpated and are 
very useful landmarks in this area. 


Note also the ala of the sacrum and the sacroiliac joint which will be used as 
landmarks in later figures. 
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The Posterior Abdominal Wall: 
I. The Muscles 


In this figure, three of the major muscles of the posterior abdominal wal! are con- 
sidered in detail. 

Quadratus Lumborum arises from the medial end of the iliac crest and from 
the iliolumbar ligament. This iliolumbar ligament is a stout band stretching between 
the tip of the transverse process of the 5th lumbar vertebra and the adjacent part 
of the iliac crest. From this origin, Quadratus Lumborum runs upward to insert, 
by separate slips, into the tips of the transverse processes of the upper four lumbar 
vertebrae and into the lower border of the medial half of the 12th rib. ^: a whole, 
Quadratus Lumborurh is a flat, oblong sheet of muscle which lies to the 
the lumbar vertebral column. Obviously, Quadratus Lumborum is on 
plane as the transverse processes of the lumbar vertebrae and consequen y 
siderably more posterior than the anterior surface of the vertebral bod 
muscle defines the most posterior position which an abdominal viscus can as: 

Psoas Major arises from the lower border of the body of T12, from the upper 
and lower borders of the bodies of all five lumbar vertebrae (excluding the lower 
border of L5), from the intervertebral discs between these bodies, and m 
dinous arches joining the skeletal points of origin. Deeply, it also takes o 
the medial part of the anterior aspect of the transverse processes of the lumbar 
vertebrae just medial to the origin of Quadratus Lumborum. From this broad ori- 
gin, the muscle passes downward and slightly laterally, crossing the iliac fossa just 
lateral to the brim of the pelvis. It leaves the iliac bone as a flat tendon. Psoas 
Major is a thick, bulky muscle lying anterior to Quadratus Lumborum and, in gen- 
eral, it fills all of the area between the transverse processes posteriorly and the 
vertebral bodies medially (Fig. 35). Its anterior surface is on the same plane as 
the anterior aspect of the vertebral bodies, The tendinous arches leave space for 


the passage of lumbar veins and arteries which encircle the fronts and sides of 
the vertebral bodies. 


A small Psoas Minor is occasionall 
ing at the brim of the pelvis. 
Iliacus arises from the whole of the i 


y present, lying on Psoas Major but terminat- 


liac fossa and from the upper surface of 
the ala of the sacrum. Its fibers pass medially and downward, blending with those 
of Psoas Major and expanding the tendon of this latter muscle on its lateral side. 
Properly speaking, beyond the iliac fossa the tendon is an iliopsoas tendon which 


inserts into the lesser trochantes of the femur and, for a short distance, into the 
femur itself. 


These muscles are all innervated b 
nerves, Quadratus Lumborum 
L3 directly, and Iliacus from L 


y branches from adjacent lumbar spinal 
from T12 to L3 or L4, Psoas Major from L2 and 
2 and L3 through the femoral nerve. 


——— 
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The Posterior Abdominal Wall: 
П. The Fasciae 


The posterior abdominal wall has here been transected just above the 5th lumbar 
vertebra to show certain of the important fascial relationships in this region. 

As shown, Psoas Major occupies the angle between the transverse process and 
the body of the lumbar vertebra. Quadratus Lumborum extends laterally from the 
tips of the transverse processes. Erector Spinae (Fig. 86), which supports the lum- 
bar spinal column from behind, fills the angle on either side of the midline between 
the transverse processes and the vertebral spine. Quadratus Lumborum and Erector 
Spinae are encased in fasciae which are termed the thoracolumbar fascia. 

That fascia lying against the posterior aspect of Erector Spinae is very dense 
and is termed the posterior layer of the thoracolumbar fascia. The fascial sheet 
lining the posterior aspect of Quadratus Lumborum and at the same time separat- 
ing this muscle from Erector Spinae is termed the middle layer of the thoracolum- 
bar fascia. The least dense fascia is that lining the anterior aspect of Quadratus 
Lumborum and partially separating it from Psoas Major, the anterior layer of the 
thoracolumbar fascia. 

The posterior layer attaches medially to the lumbar spines, while the middle 
and anterior layers attach medially to the transverse processes. The three layers 
of the thoracolumbar fascia, which fuse laterally into a single fascial sheet, extend 
from the iliac crest below to the 12th rib above. It is important to note tbat the 
abdominal contents can be approached surgically from the posterior aspect by an 
incision, marked by the arrow, through the thoracolumbar fascia lateral to Ouad- 
ratus Lumborum. 

The fused thoracolumbar fascia provides an origin for both the Internal Oblique 
and Transversus Abdominis (Fig. 82). Observe that the External Oblique has a 
free posterior border which does not attach to the fascia. Although these three 
muscles are termed the muscles of the anterior abdominal wall it should be noted 
that they form the “lateral” abdominal wall and part of the “posterior” abdominal 
wall as well. 

Psoas Major is encased in a separate fascial sheath which attaches to the trans- 
verse processes of the lumbar vertebrae behind and blends with the anterior longi- 
tudinal ligament anteromedially. This ligament is applied to the anterior aspect 
of the vertebral column. The special importance of the psoas fascia lies in the fact 
that it can provide a channel for the passage of disease processes from the vertebral 
column above to the thigh below, as, for example, in tuberculosis involving one 
ir pars Meg vertebrae. Thus, infected material may pass out from the 
Mus hel 4 ni CU fascia, track down within the sheath, and appear 
Er he Я n үе circumstances, irritation of the psoas fascia 
б Са а а da s hes er from within or from without, makes extension 
ing the thigh in a sligh at the patient unconsciously relaxes the muscle by carry- 

; | slightly flexed position. Pain on stretching the Psoas Major is 

an aid to the diagnosis of acute appendicitis. 
Pe ы ре rather thin sheet of iliac fascia which extends from the 
e psoas fascia, becoming thicker in its inferior portion. 
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The Posterior Abdominal Wall: 
Ш. The General Configuration 


The muscles of the posterior abdominal wall are here shown in their positions rela- 
tive to one another. Considered as a whole, the posterior abdominal wall consists 
of the lumbar vertebral column in the midline and Psoas Major adjacent to the 
vertebral column. Lateral to and on a more posterior plane than Psoas Major, 
the wall consists of Quadratus Lumborum with the origin of Transversus Abdomi- 
nis above and Iliacus below. Superior to all of these is the diaphragm. 

The origin and insertion of Psoas Major have already been considered (Fig, 34). 
Note again that the anterior surface of this muscle is on a plane with the anterior 
aspect of the bodies of the lumbar vertebrae. It is evident that the forward 
of Psoas Major and the bodies of the lumbar vertebrae creates a long 
either side lateral to this muscle. 

Quadratus Lumborum and the fascia surrounding it have likewise been de- 
scribed. Notice that only a narrow rim of bone belonging to the iliac crest separates 
this muscle from Iliacus inferiorly. 

Although Transversus Abdominis is not ordinarily thought of as part of the pos- 
terior abdominal wall it should be noted that, arising as it does by aponeurosis 
from the thoracolumbar fascia, its origin is smoothly continuous with thc lateral 
border of Quadratus Lumborum. 

The origin of diaphragm has already been described (Figs. 4 and 11), but it 
is useful to consider the posterior part of this muscle in more detail at this point. 
In the posterior abdominal wall, the diaphragm takes origin by two thick fleshy 
limbs or crura from the ligamentous tissue overlying the lumbar vertebrae. The 
right crus takes origin as low as L3, the left crus usually not below L2. The crura 
meet to form an arch overlying T12, and it is between this arch and the vertebral 
column that the aorta enters the abdomen. Above the aortic opening the fibers 
of the right crus split to encircle the esophagus whose opening into the diaphragm 
is opposite T10 just to the left of the midline. 

Lateral to the crura, the diaphragm takes origin from a ligamentous arch, the 
medial arcuate ligament, which is thrown across Psoas Major from the body to 
the transverse process of L1. Lateral to the fibers of the diaphragm which origi- 
nate from the medial arcuate ligament are fibers originating from the lateral arcuate 
ligament, a ligamentous bridge extending horizontally across Quadratus Lumborum 
from the transverse process of L1 to the 12th rib. The lateral arcuate ligament 
attaches to the middle (approximately) of the 12th rib. Beyond this, the diaphragm 
arises from the upper border of this rib leaving much of the anterior surface of 
this bone exposed to contact with abdominal viscera. 

Nes el the diaphragm passes vertically upward, arching grad- 
Md ee E deis the central tendon which forms its dome approximately 
n gm E Pe abdominal viscera which rest against the diaphragm are thus 
nom ds QS и part, by the thoracic cage. They are only thinly separated 
eerie ene especially those which occupy the costodiaphragmatic 

. prising, therefore, that it is frequently difficult to distinguish 


between disease in the upper abdomen and the adjacent thorax, nor, indeed, that 
the one often extends to the other. 
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The Posterior Abdominal Wall: 
IV. The Lumbar Plexus 


The ventral rami of the lumbar nerves emerge from the vertebral canal through 
the intervertebral foramina. Each of the five lumbar nerves appears below the 
transverse process of the corresponding vertebra. The 12th thoracic nerve, appear- 
ing similarly below the transverse process of the 12th thoracic vertebra and the 
12th rib, will be considered together with the lumbar nerves. 

A series of intercommunications between these nerves, the lumbar plexus, occurs 
shortly after their emergence from the vertebral canal. The lumbar plexus lies on 
a plane immediately in front of the transverse processes and deep to Psoas Major. 
Named nerves radiate from the plexus, passing laterally and downward. The upper 
nerves of the series, being largely concerned with the anterior abdominal wall, more 
or less encircle the abdomen, becoming progressively more superficial. These 
nerves lie first in front of Quadratus Lumborum, pierce either the aponeurotic 
origin of Transversus Abdominis or that muscle itself, then a little further forward 
pierce the Internal Oblique and the External Oblique. The larger lower nerves of the 
series are mainly concerned with innervation of the lower limb and so radiate down- 
ward, coming in contact with the hip bone or sacrum on their way to the thigh. 

1. The subcostal (12th thoracic) nerve runs laterally and downward below the 
12th rib to leave the abdominal cavity by piercing the aponeurosis of Transversus 
Abdominis. This nerve sends a branch of communication to join with L1. 

2. The first lumbar nerve, with the communication from T12, passes laterally 
and downward. At a variable distance from its origin it divides into the iliohypo- 
gastric nerve above and the ilioinguinal nerve below. 

3. The lateral cutaneous nerve of the thigh arises from L2 and L3 and passes 
downward and laterally. It crosses the inner aspect of the illiac crest and Iliacus 
to leave the iliac fossa just medial to the anterior superior iliac spine. 

4. The femoral nerve arises from L2, 3, and 4 and passes downward and only 
slightly laterally. Since its inclination is almost the same as that of Psoas Major 
this large nerve remains under cover of the muscle, only escaping inferiorly to lie 
lateral to the iliopsoas tendon. In this Position it leaves the abdominal cavity. 

5. The obturator nerve, like the femoral nerve, arises from L2, 3, and 4 and 
runs downward under cover of Psoas. It escapes from under this muscle on its 
medial side just above the brim of the pelvis and then, continuing downward, it 
enters the pelvis to lie against the upper part of the lateral pelvic wall. An accessory 
obturator nerve arising from L2 and L4 is often present. 
os E ааа is a large flat nerve band which arises from L4 and 
Sth e кты ae lying first in the angle between Psoas Major and the 
dissi e и ae с the sacral part of the brim of the pelvis (ala 

20 I in the formation of the sacral plexus (Fig. 60). | 
thous betas Hei beo is here considered last in the series because, p 
be аваг eee P, from L1 and L2, it differs from all other nerves O 

y passing forward through the substance of Psoas to gain the 


anterior aspect of this muscle. It then remains directly applied to the anterior aspect 
of Psoas throughout its abdominal course. 
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The Posterior Abdominal Wall: 
V. The Abdominal Aorta and Its Branches 


The abdominal part of the aorta begins opposite the lower border of the 12th 
thoracic vertebra where the aorta passes through the aortic opening in the dia- 
phragm. It runs vertically down on the vertebral column to the 4th lunbar vertebra 
where it ends by dividing into right and left common iliac arteries. Because of 
the curve of the vertebral column, the aorta is convex anteriorly and is closest 
to the anterior abdominal wall at L3. In the normal average subject the anterior 


abdominal wall may be as little as 2 cm in front of the aorta; thus, in an emer- 
gency the vessel can be readily compressed. The branches of the abd 
can be divided into three groups. 

1. Parietal Branches. (a) The paired inferior phrenic arteries, usually the first 
branches of the abdominal aorta, arise toward the anterior aspect of the parent 
vessel. Each passes laterally and upward, lying on the diaphragm. (^) Four pairs 
of lumbar arteries arise from the posterior aspect of the aorta а 1с 


ominal aorta 


а 


bodies of the first four lumbar vertebrae. These vessels pass betwee 
and the vertebral body. The left third lumbar artery is shown in this 
median sacral artery is an unpaired vessel arising at the bifurcation of the abdominal 
aorta. It runs down into the pelvis directly in front of the sacrum. 

2. Paired Glandular Arteries. These vessels run to the three pai 
glands, the suprarenals, the kidneys, and the gonads. (a) The supra 
arise on either side of the aorta opposite L1. They pass laterally, ant 
crus and Psoas Major of their respective side. (b) The renal arteries arise 
side of the aorta approximately opposite L2. They also pass laterally across crus 
and Psoas Major of their respective side. (c) The gonadal arteries arise from the 
front of the aorta usually a little below the renal arteries. They run downward 
on Psoas Major, crossing anterior to the genitofemoral nerve. The ovarian artery 
(left side of this diagram) passes medially into the pelvis, crossing front of the 
external iliac artery. The testicular artery (right side of this diagram) leaves the 
abdomen through the deep inguinal ring (Fig. 80). 

3. The Unpaired Visceral Arteries, These vessels arise from the front of the aorta 
and pass ventrally to supply those abdominal viscera which are unpaired and of 
midline origin. The arteries to these viscera thus start out as single vessels from 
the front of the aorta, and all of their subsequent branches remain anterior to any 
arteries of the two preceding series with which they come in contact. (a) The 
celiac trunk arises from the front of the aorta just after this vessel enters the ab- 
domen. It will be seen in Figure 46 to divide almost at once. (b) The superior 
mesenteric artery arises from the front of the aorta usually a little above the renal 
arteries (if these be in the usual position). It passes downward, diverging to the 
right, and will be seen in Figure 51 as a continually branching vessel. (c) The 
inferior mesenteric artery arises from the front of the aorta, usually opposite L3. 
It passes down, diverging to the left, and will also be seen in Figure 51. 

The common iliac arteries and their direct continuations, the external iliac ar- 
teries, pass downward and slightly laterally, enclosing the brim of the pelvis. They 
are related on their lateral sides to Psoas Major. The common iliac divides into 
the external and internal iliac arteries opposite the sacroiliac joint. 
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The Posterior Abdominal Wall: 
VI. The Autonomic Innervation 


The abdominal viscera are innervated by parasympathetic and sympathetic fibers, 
The parasympathetic fibers are derived from the vagus nerves which enter the ab- 
domen as the anterior and posterior vagal trunk (Fig. 24). 

The sympathetic system in the abdomen is intimately related in position to the 
aorta. It consists of three main divisions, the ganglionated sympathetic trunk, the 
great visceral ganglia, and the great plexuses. 

The ganglionated sympathetic trunk enters the abdomen behind (not through) 
the diaphragm by passing deep to the medial arcuate ligament. It descends through 
the abdomen lying on the medial border of Psoas Major—consequently, the left 
trunk lies just posterolateral to the aorta, while the right trunk is completely over- 
lapped by the inferior vena cava. Each trunk leaves Psoas to descend into the pelvis 
directly in front of the sacrum. 

There are usually four ganglia present on the abdominal portion of the trunk 
and four or five on the pelvic portion. Preganglionic fibers enter the sympathetic 
trunk only at vertebral levels L1, 2, and 3; they then run down variable distances 
in the trunk before effecting a synapse. Postganglionic fibers pass from all the gan- 
glia directly or indirectly through visceral ganglia or great plexuses to the abdominal 
viscera. Other gray rami pass to the adjacent lumbar nerves and arteries with which 
they are distributed to the abdominal wall and lower limb. 

The visceral ganglia consist of the large celiac ganglion, the small aorticorenal 

ganglion, scattered ganglia adjacent to the abdominal viscera, and minute ganglia 
within the walls of the alimentary tract and its derivatives. The celiac ganglion 
is an irregularly shaped mass lying adjacent to the celiac trunk. There is usually 
a large mass on either side of this artery extending laterally in front of the respec- 
tive crus of the diaphragm and connected by strands above and below the celiac 
trunk. Preganglionic fibers to this ganglion are carried largely by the greater and 
lesser splanchnic nerves which enter the abdomen by piercing the right and left 
crura of the diaphragm. Most of these fibers synapse within the ganglion. The celiac 
ganglion receives nerve fibers from the upper lumbar ganglia of the sympathetic 
trunk as well; most of these are probably postganglionic. 
] The aorticorenal ganglion, commonly a direct offshoot of the celiac ganglion, 
is located on or close to the renal artery. It serves mainly as the synaptic station 
for the preganglionic fibers of the lowest splanchnic nerve and is connected to the 
upper lumbar ganglia as well as to the celiac ganglion. 

Sympathetic fibers passing from the celiac and aorticorenal ganglia to the viscera, 
mingled with vagal fibers, form deep plexuses about all of the main arteries of 
the abdomen. Each of these plexuses is named for the artery with which it is asso- 
ciated, e.g., celiac, aortic, renal, testicular, etc. The final pathway of distribution 
of these fibers to the abdominal viscera is chiefly along the fine radicals of the 
arterial system. The autonomic innervation of each individual abdominal viscus 
is thus not specially described in the text which follows. 

Below the aorta, part of the aortic plexus continues along the iliac arteries while 


a large Proportion of the fibers leaves the aorta to descend between the iliac arteries 
into the pelvis as the superior hypogastric plexus. 
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The Posterior Abdominal Wall: 
VII. The Cisterna Chyli 


The intestinal lymph, of which there is a considerable volume, collects into a defini- 
tive sac, the cisterna chyli, which may be considered here because of its intimate 
relationship to the upper end of the abdominal aorta. The details of the lymphatic 
drainage of the abdominal viscera will be considered in a later figure (Fig, 88). 

The cisterna chyli is an elongate, lobulated sac, 5 to 7 cm in length, which re- 
ceives lymph from the abdomen, pelvis, and lower thorax. For the most part, this 
lymph enters by two lumbar trunks (shown here) and one intestinal trunk. The 
upper end of the cistern tapers at the lower border of the 12th thoracic vertebra 
to form the thoracic duct which leaves the abdomen and continues upward into 
the thorax (Fig. 10). 


The cisterna chyli lies wedged between the aorta and the right crus of the dia- 
phragm. It is so placed that its exposure requires retraction of the right crus. In 
this position, the cistern is in close contact with the commencement of the azygos 


vein. Like the aorta, the cisterna chyli constantly uses the aortic opening in the 


diaphragm; the azygos vein occasionally uses this opening but, more commonly, 
pierces or goes behind the right crus. 
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The Posterior Abdominal Wall: 
VIII. The Inferior Vena Cava 


Like the aorta, the inferior vena cava is directly related to the posterior abdominal 
wall close to the midline. In general, because of the separate embryological deriva- 
tion of the parts of this vein, it is posterior to the aorta in its inferior part and 
anterior in its superior part. Thus, the inferior vena cava is crossed by the right 
common iliac artery inferiorly; higher up it passes in front of the right renal artery. 

The inferior vena cava is considerably longer than the abdominal aorta, extend- 
ing from the Sth lumbar vertebra to the dome of the diaphragm which it pierces 
opposite T8. The principal posterior relationships of the inferior vena cava are L3, 
4, and 5, Psoas Major, and then the diaphragm, although from what has been said 
before it is obvious that the right sympathetic trunk, the right renal artery, and the 
right phrenic artery are all interposed between the vein and the musculoskeletal 
background. Although the aorta is in contact with the left side of the vein inferiorly, 
the right crus of the diaphragm forms a broad separation between the two struc- 
tures opposite L1 and L2. It is of some importance that the right celiac ganglion 
is insinuated between the vein and the right crus. 

The tributaries which the inferior vena cava receives correspond in large measure 
with the branches of the abdominal aorta, with the important exception that the 
veins corresponding to the three unpaired visceral branches of the aorta drain 
SEPARATELY into the portal system. Portal vein blood, after percolating through the 
liver, is collected into the hepatic veins, which empty into the inferior vena cava. 

Specifically, the inferior vena cava receives parietal drainage, paired glandular 
draining, and portal drainage. 

1. Parietal Drainage. (a) The lumbar veins, not shown here, run with the cor- 
responding lumbar arteries around the bodies of the lumbar vertebrae. Those of 
the left side pass deep to the aorta to reach the inferior vena cava. The upper 
lumbar veins usually drain into the azygos or hemiazygos veins rather than into 
the inferior vena cava. (b) Most of the veins from the diaphragm drain into the 
inferior vena cava as the inferior phrenic veins. 

2. Paired Glandular Drainage. (a) The ovarian or testicular veins run upward 
on Psoas Major together with the corresponding artery. While the right gonadal 
vein usually enters the inferior vena cava directly, the left drains indirectly through 
the left renal vein. (b) The kidneys are drained by the renal veins which lie an- 
terior to the corresponding arteries. The renal vein of the left side is considerably 
longer than that of the right, passing in front of the aorta before reaching the in- 
ferior vena cava. (c) The suprarenal effluent is carried by the suprarenal veins 
from the right gland directly into the inferior vena cava and from the left indirectly 
through the left renal vein. 

d. Portal Drainage. The venous drainage from the liver passes into the upper end 
of the inferior vena cava through short hepatic veins embedded in the liver tissue. 
_ The common iliac veins are formed by the union of the external and internal 
iliac veins opposite the sacroiliac joint as shown by the arrow. The right common 
iliac vein passes from the medial side of the corresponding artery to its posterior 
aspect to reach the inferior vena cava. The left common iliac vein remains medial 
to the corresponding artery, but passes behind the right common iliac artery. 
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The Kidney and the Suprarenal Gland 


The kidneys, surmounted by the suprarenal glands, are probably the most constant 
in position of the abdominal viscera. This is not to overlook the frequency with 
which anomalies occur in their position and shape, nor the fact that even normal 
organs may occasionally slide downward. Despite this variability, however, these 
organs will usually be found in the position described below. 

The kidneys are oval organs approximately 11 cm long, 6 cm broad, and 3 cm 
thick, indented on their medial aspect. They are usually located between T12 and 
L3. The posterior aspect of the kidney, in its inferior two-thirds, is in contact with 
Psoas Major, Quadratus Lumborum, and Transversus Abdominis, while its upper 
third is in contact with the 12th rib and diaphragm. The subcostal, iliohypogastric, 
and ilioinguinal nerves intervene between the kidneys and Quadratus Lumborum. 
The left kidney extends a little higher than the right, usually rising to a point op- 
posite the 11th rib from which it is, of course, separated by the diaphragm. 

The indented medial area of the kidney is termed the hilus. The hilus contains 
the renal vein and its branches, the renal artery and its branches, and, finally, the 
renal pelvis, in that order from front to back. Commonly, one or more branches 
of the renal artery pass in front of the renal vein or behind the renal pelvis. The 
hilus expands into a central cavity within the kidney, the renal sinus. 

The collecting tubules of the kidney drain into the calyces which unite to form 
the large, dilated renal pelvis. This pelvis narrows rapidly to form the ureter. The 
ureter descends vertically on Psoas Major, then crosses the common iliac artery 
and vein to pass into the pelvis where it opens into the bladder. The pelvic portion 
of the ureter will be described later (Fig. 63). In its course, the ureter is crossed 
by the gonadal artery and vein and itself crosses the genitofemoral nerve which 
is applied to the surface of Psoas Major. 

The suprarenal gland, approximately 3 cm wide and 4 cm long, caps the superior 
pole of the kidney. While the right suprarenal extends only slightly on to the medial 
aspect of the kidney, the left suprarenal extends along the anteromedial aspect 
as far as the hilus. The suprarenal gland receives arterial blood by branches from 
the inferior phrenic and renal arteries as well as directly through the suprarenal 
artery. The venous effluent from the right gland passes to the inferior vena cava; 
that from the left gland reaches the inferior vena cava indirectly through the left 
renal vein. 

Both the suprarenal gland and the kidney are supplied with an autonomic in- 
nervation through the celiac ard aorticorenal ganglia (Fig. 39). Presumably, the 
nerve fibers are carried into each organ by the arteries. 

Anomalies associated with the kidneys occur commonly. The principal variation 
s the presence of more than the single main renal artery or renal vein on each 
Side. The anomalous arteries may arise anywhere along the side of the abdominal 
aorta and even from the common iliac artery. The kidneys may also be abnormal 
In size, one being large, the other small. They may be anomalous in shape, as, for 
example, lobed or fissured, or even fused one with the other, as in the horseshoe 
kidney. Finally, they may be anomalous in position, located anywhere in the 
abdomen from the normal position down to and even within the pelvis. Similar 
anomalies in the number, shape, and position of the ureters may also occur. 


The Kidney and the Suprarenal Gland FIGURE 42 
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The Duodenum and Pancreas: 
I. The Gross Configuration 


In contrast to the kidneys and suprarenals, which are reasonably constant in posi- 
tion, the alimentary tract from the stomach to the colon, and the pancreas and 
spleen are relatively mobile in the living subject. Not only does their position 
change with advancing age, with the state of tonus of the abdomina! wall, and 
during the digestive processes, but also with changes in posture. It will be under- 
stood therefore that the description of the location of these viscera which follows 
is a rather idealized representation. Most patients will conform reasonably closely 
to this description when in the supine position. The consideration of the location 
of these viscera will be more understandable if we begin with the duodenum and 


pancreas, rather than with the stomach. 
The duodenum lies directly in front of the aorta, inferior vena cava, and renal 


veins and arteries. It forms a C-shaped curve whose average vertical dimension 
is from L1 to L3. The duodenum is described as consisting of four parts. The 
superior part begins at the pylorus and passes upward and backward to the right, 
crossing in front of the right crus of the diaphragm and the inferior vena cava. 
The descending part passes predominantly downward, lying in front of the hilus 
of the right kidney. The inferior part passes horizontally from right to left across 


the inferior vena cava and aorta. The fourth or ascending part runs u 
of the aorta, then makes a sharp bend as it leads into the jejunum. ' 
bend is the duodenojejunal flexure. The flexure is suspended from the right crus 
by the suspensory muscle of the duodenum (ligament of Treitz). This structure 
arises from the fascia overlying the right crus and passes down, behind the pancreas, 
to the flexure and that part of the duodenum proximal to it. 

The vascular supply of the duodenum is described in Figure 47, while its auto- 
nomic innervation conforms with that of the other abdominal viscera. 

The pancreas lies enclosed by the duodenal loop but extends out to the left 
through the open part of this loop. It is described as consisting of a head, neck, 
body, and tail. The head is the bulkiest part of the gland, lying within the duodenal 
loop. This part is in front of the inferior vena cava. A tongue-like process of the 
head extends to the left as the uncinate process. The neck of the pancreas is a 
rather indefinite zone of constriction where the head narrows to meet the body. 
The body of the pancreas extends to the left, lying in front of the aorta and the hilus 
and the anterior aspect of the left kidney, tapering to form the tail which projects 
forward to make contact with the spleen. 

The pancreas receives arterial blood through the superior and inferior pan- 
creaticoduodenal arteries and the splenic artery (Figs. 46 and 47). It is drained 
by the corresponding veins. 

The superior mesenteric artery and vein pass forward between the neck and 
uncinate process of the pancreas to run down in front of the uncinate process and 
inferior part of the duodenum. Thus, while at their origin these vessels are behind 
the pancreas, they quickly pass to the front of this organ. 

The duodenum and pancreas form a unit which is easily identified. It is con- 


venient to consider this unit in intimate detail so that it can serve as a point of 
reference for other viscera. 


The Gross Configuration of the Duodenum and Pancreas FIGURE 43 
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The Duodenum and Pancreas: 
II. The Pancreatic and Bile Ducts 


The numerous important structures which are intimately related to the duodenum 
and pancreas are considered in this and the following three figures. 

The pancreatic acini pour their secretion into ducts which increase progressively 
in size until they finally empty into the main pancreatic duct. This duct traverses 
the length of the pancreas from the tail horizontally to the head. It joins with 
the bile duct on opening into the posterior aspect of the descending part of the 
duodenum. Parts of the head may be drained separately by an accessory pancreatic 
duct opening either into the main duct or directly by itself into the duodenum. 

The bile duct, formed by the union of cystic and common hepatic ducts, runs 
downward behind the superior part of the duodenum, then along the posterior as- 
pect of the pancreas close to the right border of the head to open into the duode- 
num with the pancreatic duct. The bile duct is often embedded in the pancreatic 
tissue. 

The terminal portions of bile and pancreatic ducts are surrounded by sphincteric 
muscle bands which tend to cause a protrusion into the lumen of the duodenum, 
the duodenal papilla (papilla of Vater). The ducts are usually separate as they 
pierce the duodenal wall. In the submucosa they commonly (approximately 60 
per cent) join before opening on the summit of the duodenal papilla. Since the 
mucosal folds of the duodenum in the immediate vicinity of the papilla tend to 
radiate from it, it is possible to visualize the position and approximate size of the 
papilla in the radiological examination of the small bowel with a contrast medium. 

_The common termination of the bile and pancreatic ducts makes it possible for 
bile, under the pressure exerted by a contracting gallbladder, to back up into the 
pancreatic duct if its passage into the duodenum is hindered. This is probably one 
of the important mechanisms in the development of pancreatitis. 


The Pancreatic and Bile Ducts 
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The Duodenum and Pancreas: 
Ш. The Splenic, Superior Mesenteric, and Portal Veins 
It has been mentioned that the three unpaired visceral branches of the aorta 
(celiac, superior mesenteric, and inferior mesenteric arteries) have no counterpart 
in the systemic veins draining into the inferior vena cava. Instead, the venous efflu- 
ent from all the parts of the alimentary system supplied by these arteries is returned 
to the portal vein so that it can perfuse the liver and be acted upon by that organ 
before it proceeds to the inferior vena cava. 

The portal vein is formed by the union of the superior mesenteric and splenic 
veins. The superior mesenteric vein drains the whole of the small bowel and ap- 
proximately half of the large bowel (Fig. 51). Its several branches converge and 
become a single large channel in front of the inferior part of the duodenum. It 
then crosses the uncinate process of the pancreas lying on the right side of the 
superior mesenteric artery. It passes up behind the neck of the pancreas to join 
the splenic vein. 

The splenic vein receives the effluent from much of the stomach and pancreas 


and from the spleen. It leaves the spleen as a large channel which 
zontally to the right, lying successively behind the tail, the body, and 
of the pancreas. Behind the neck of the pancreas, it joins the superior mesenteric 
vein to form the portal vein. 

The inferior mesenteric vein, which drains the distal half of the large bowel, 
pours its blood into the portal system by opening into the splenic vein behind the 
body of the pancreas. 

The portal vein runs upward, first behind the neck and head of the pancreas, 
then behind the superior part of the duodenum, and continues up above this to 
the liver (Figs. 54 and 55). Just above the superior part of the duodenum, the 
bile duct lies in front and to the right of the portal vein. 

Since an obstruction in the portal system prevents the passage of venous blood 
from the alimentary tract back to the inferior vena cava through the liver, the possi- 
ble alternate routes which may be sought by this blood for return to the systemic 


Ser s are of importance. These portal-systemic anastomoses are summarized in 
igure 63. 


The Splenic, Superior Mesenteric, and Portal Veins FIGURE 45 
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The Duodenum and Pancreas: 
IV. The Splenic Artery and the Spleen 


The celiac trunk, which arises from the front of the aorta opposite L1, divides 
at once into three major branches, the left gastric, the common hepatic, and the 
splenic arteries. Of these, the left gastric artery, usually the smallest, passes upward 
and to the left to gain the esophageal end of the stomach. It will be studied later 
(Figs. 48 and 49). The common hepatic artery is usually intermediate in size be- 
tween the other two branches of the celiac trunk. It passes to the right, along the 
superior part of the duodenum. It will be considered in Figure 47. 

The splenic (lienal) artery, which is usually the largest, passes downward to the 
left to reach the upper border of the body of the pancreas. It then continues to 
the left, pursuing a sinuous course along the upper border of the body and tail 
of the pancreas, passing at times on to the posterior aspect of this organ, which 
it supplies by numerous branches. In this position, it runs to the spleen which 
it supplies by breaking into several large splenic branches. Some branches from 
the splenic artery, however, continue beyond the spleen to pass forward and | 
medially to the stomach as the short gastric arteries and the left gastroepiploic | 
artery. These will be considered later (Fig. 49). 

The spleen is an oval organ molded to the shape of those structures with which 
it is in contact. It measures approximately 12 cm in length and 7 cm at its widest 
part, presenting four distinct surfaces. Its outer or diaphragmatic surface is 
smoothly convex, being adapted to the shape of the diaphragm with which it is 
in contact. This diaphragmatic surface is separated by the diaphragm from the 
9th, 10th, and 11th ribs. Posteriorly, the spleen presents a concave renal surface 
which rests against the lateral third of the left kidney and suprarenal gland. An- 
teriorly, the gastric surface of the organ is similarly concave as it receives the im- 
press of the stomach. Inferiorly, the colic surface of the spleen is concave to receive 
the left colic flexure (Fig. 50). Renal and gastric surfaces meet medially in a 
rounded border indented by the entrance of the splenic arteries and exit of the 
splenic veins. The broad area receiving these structures is referred to as the hilus 


of the spleen. Gastric and diaphragmatic surfaces of the spleen meet anteriorly in 
a rather sharp border which is notched. 


FIGURE 46 
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The Duodenum and Pancreas: 
V. The Common Hepatic Artery 


After its origin from the celiac trunk the common hepatic artery passes to the 
right and upward, skirting the upper border of the superior part of the duodenum 
to gain the left side of the bile duct. It lies with the bile duct in front of the portal 
vein just above the duodenum. 

In its course, the common hepatic artery gives off the right gastric artery at the 
upper border of the pylorus and the gastroduodenal artery behind the superior 
part of the duodenum. (These two often have a common origin as is seen in this 
figure.) The right gastric artery passes to the left along the lesser curvature of 


1 


the stomach. The gastroduodenal artery passes down to divide between the superior 
part of the duodenum and the head of the pancreas into the right gastroepiploic 
artery and the superior pancreaticoduodenal artery. The right gastroepipioic artery 
passes toward the left along the lower border of the pylorus and then along the 
greater curvature of the stomach (Fig. 49). The superior pancreaticoduodenal ar- 
tery divides at the superior margin of the pancreas into anterior and posterior 
branches. These run downward in the boundary zone between the head o! the pan- 
creas and the duodenum. They supply both these organs and anastomose with a 
similarly placed inferior pancreaticoduodenal artery which is a branch of the 
superior mesenteric. 

The terminal part of the common hepatic artery at a variable distance from 
the liver gives rise to a final three branches, the right, left, and middle hepatic 
arteries. The right hepatic artery gives off a cystic artery to the gallbladder and 
enters the right lobe of the liver. The left hepatic artery supplics the left and 
caudate lobes of the liver while the middle hepatic artery is the main supply of 
the quadrate lobe (Fig. 49). 

It is understandable that in such a rapidly branching vessel as the common he- 
patic artery many variations in the arrangement are possible and do occur. 

The superior part of the duodenum receives its arterial supply by direct branches 
from the common hepatic and the gastroduodenal arteries. It is these smaller ves- 
sels, not shown here, which may be eroded by a duodenal ulcer. Small though they 
be in relation to large trunks like the common hepatic, these duodenal vessels are 
large enough to cause serious hemorrhage. 

The descending part of the duodenum receives its arterial supply from the pan- 
creaticoduodenal arteries, while the third and fourth parts are supplied by 
branches, not shown here, from the superior mesenteric artery. 


The venous drainage of the duodenum passes to the splenic, superior mesenteric, 
and portal veins. 


The Common Hepatic Artery FIGURE 47 
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The Stomach: 
I. The Gross Configuration 


The viscera described in the preceding figures have here been put back in their 
proper position in the abdominal cavity, with the addition of the stomach which 
covers many of them. 

The large globular stomach begins at the esophagus and terminates by passing 
into the duodenum at the pylorus. It is divided descriptively into fundus, body, 
and pyloric portion—subdivisions which are most apparent on radiographic exami- 
nation. Properly speaking, the region of the muscular sphincter between the stom- 
ach and duodenum is the pylorus, and its cavity is the pyloric canal. 

The manner in which the esophagus enters the abdomen by piercing the dia- 
phragm opposite T10 to the left of the midline has been described (Fig. 11). The 
stomach is relatively fixed at its esophageal end, although surgically it is possible 
to bring some of the thoracic part of the esophagus down into the abdomen. At 
the other end also, the position of the stomach is relatively fixed as it passes into 
the duodenum. Between these two positions, however, the stomach is quite freely 
mobile. It may be situated, as is here shown, almost entirely within the left upper 
quadrant of the abdomen, but at the other extreme it is not uncommon for the 
organ to descend into the pelvis. Its shape, too, varies from the rather vertically 
placed J-shaped stomach shown here to the more transversely placed steerhorn- 
shaped stomach. 

The stomach presents an anterior surface and a posterior surface which meet 
one another along the lesser curvature on the right and the greater curvature on 
the left. As a result of its location in the left upper quadrant of the abdomen, | 
the stomach has directly behind it, separated by peritoneum, the diaphragm, the | 
spleen, the suprarenal gland, the kidney, the body and tail of the pancreas, and 
Sometimes, even some part of the duodenum or jejunum. These structures make 
up the “bed of the stomach.” The well-developed transverse mesocolon completely 
separates the stomach from the ascending part of the duodenum as will be seen 
(Fig. 52). These relationships will be further amplified when the peritoneum is 
considered. 

In this figure, it is possible to show the left gastric artery, previously mentioned 
as a branch of the celiac trunk, This vessel runs upward on the diaphragm to gain 
the abdominal part of the esophagus. It then curves downward along the lesser 
curvature to supply the adjacent part of the stomach. 

Notice also in this figure that the unit consisting of portal vein, bile duct, and 
common hepatic artery is Placed directly in front of the inferior vena cava. It will 
later be seen that it is between this unit anteriorly and the inferior vena cava pos- 
pisc = above the duodenum, that the epiploic foramen (foramen of Winslow) 


The blood supply of the stomach is considered as a whole in Figure 49. 


The Gross Configuration of the Stomach FIGURE 48 
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The Stomach: 
II. The Blood Supply 


The stomach receives its arterial blood by vessels passing to its anteri 
terior surfaces. These in turn arise from two channels placed along the 
greater curvatures of the organ. 

The longitudinal channel along the lesser curvature of the stomach is 


by the left gastric artery which arises directly from the celiac trunk, and by the 
right gastric artery which arises from the common hepatic artery. One of these 
two gastric arteries is usually the larger and more important in any one individual. 

The longitudinal channel for the greater curvature is formed by the left gas- 


troepiploic artery, a branch of the splenic, and by the right gastroepiploic artery, 
a branch of the gastroduodenal. The upper globular part or fundus of the stomach 
is usually supplied separately by the short gastric arteries, a series of vessels arising 
directly from the splenic artery. 

The venous drainage of the stomach corresponds to the arterial supply, but 
drains to the portal system through channels which enter the splenic, superior 
mesenteric, and portal veins. An alternate pathway is available in the veins of the 
lower end of the esophagus which drain upward into the azygos system and su- 
perior vena cava. In portal obstruction, the anastomotic veins located just at the 
entrance of the esophagus into the stomach become dilated by blood using this 
alternate route and can form esophageal varices. 

It is convenient at this point to synopsize the distribution of the three major 
branches of the celiac trunk. 

1. The left gastric artery gives off esophageal branches, gastric branches, and, 
commonly, an accessory hepatic artery. 

2. The splenic artery gives off pancreatic branches, large splenic branches, short 
gastric arteries, and the left gastroepiploic artery. (Epiploic is synonymous with 
omental and indicates, in this case, that the vessel supplies branches to the greater 
omentum as well.) 

3. The common hepatic artery gives off the right gastric artery and the gastro- 
duodenal artery and terminates as right, left, and middle hepatic arteries. The right 
hepatic artery gives off the cystic artery; the gastroduodenal artery gives off the 
right gastroepiploic and superior pancreaticoduodenal arteries. 


The Blood Supply of the Stomach 
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The Small and Large Bowel: 
I. The Gross Configuration 


This figure is concerned with the location of the remaining large abdominal viscera. 

The duodenum becomes continuous with the jejunum at the duodenojejunal flex- 
ure, the last relatively fixed point of the small bowel until just before its termina- 
tion. The jejunum and its continuation, the ileum, which are not demarcated from 
one another, occupy all available interstices of the abdominal cavity not otherwise 
occupied by the fixed viscera. The only limitation upon their mobility is their moor- 
ing by a mesentery which, as seen, has a definite line of attachment. In this dia- 
gram, the coils of small intestine have been removed to show the diagonal line 
of attachment of this mesentery. The terminal part of the ileum is rather fixed 
in position as it passes to the right in front of the structures of the posterior ab- 
dominal wall to enter the medial side of the colon. 

The large intestine consists of the cecum, the ascending, transverse, descending, 
and sigmoid parts of the colon, and the rectum. 

The cecum and ascending colon rest against the right gutter of the posterior 
abdominal wall in contact with Iliacus, Quadratus Lumborum, and the aponeurosis 
of Transversus Abdominis (Fig. 36). The ascending colon may be extremely short 
and represented by as little as a few inches of bowel below the liver. 

The transverse colon is relatively fixed in position only on the right at the right 
colic (hepatic) flexure, and on the left at the left colic (splenic) flexure. The left 
colic flexure is usually higher than the right colic. Between these flexures, the trans- 
verse colon may be stretched in any position from a nearly straight line to a deep 
bow extending down into the pelvis. 

The descending colon is smaller in diameter than the ascending. It is in relation 
to the same parts of the posterior abdominal wall, but on the left side. The sigmoid 
colon is again a mobile segment of bowel extending between the two rather fixed 
points of descending colon and rectum. The rectum will be described with the 
pelvic viscera (Fig. 63). 

The veriform appendix is a thin tube which descends down from the cecum. 

It may be very short, or long enough for its tip to hang into the pelvis. It is 
rather fixed at its base, but mobile toward its tip. The appendix is always located 
close to the end of the cecum where the three readily discernible longitudinal bands 
of muscle of the colon converge. These three bands are usually anterior, postero- 
medial, and posterolateral. Since the cecum may be low and in the iliac fossa, as 
shown here, or high, extending very little below the liver, it follows that the base of 
the appendix likewise has this range of variation. In addition, the appendix may be 
found on any of the possible radii of a circle described by considering its base as 
center and its tip as tracing out the circumference. Thus the common appendiceal 
positions are descending toward the pelvis, extending medially, extending superiorly 
in front of or behind the cecum, and, more rarely, extending laterally. 
А The liver lies in front of the diaphragm, right kidney and suprarenal gland, the 
inferior vena cava, the esophagus, and the fundus of the stomach. Its lower border 
overlaps the right colic flexure, the first part of the duodenum, and the three struc- 
tures (portal vein, bile duct, and hepatic artery) above the duodenum. The rela- 
tionships of the liver are considered in Figures 54 through 56. 


The Gross Configuration of Small and Large Bowel FIGURE 50 
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The Small and Large Bowel: 
П. The Blood Supply 


The bowel, beginning approximately with the inferior part of the duodenum, is 
supplied by the superior and inferior mesenteric arteries and is drained by the cor- 
responding veins. In this figure, the small intestine between the upper jejunum and 
terminal ileum has been removed. 

The superior mesenteric artery arises from the aorta just above the 
teries. It passes downward in front of the left renal vein and behinc 
the pancreas (Figs. 38 and 43). It then passes forward in front of the uncinate 
process of the pancreas, here giving off its first branch, the inferior pancreaticoduo- 
denal artery which has already been described (Fig. 47). After this, the artery 
continues down and to the right toward the terminal part of the ileum. From its 
left side, twelve or more intestinal arteries are given off. These fan out to supply 
the intestine from the terminal part of the duodenum down to the end of the ileum. 
Each of these intestinal arteries forms a series of anastomotic arcades of about 


t 


renal ar- 
e head of 


three or four tiers before giving off the actual final branches to the intestine 

From the right side of the superior mesenteric artery there arises first the middle | 
colic artery which runs to the transverse colon, dividing into right and left trans- 
verse branches before it reaches the viscus. Lower down, the righ; colic artery 


arises from the parent trunk, passing over to the ascending colon w! it divides 
into ascending and descending branches. Finally, the ileocolic aríery ses from 
the parent trunk and runs down toward the ileocecal junction. Here it gives off 


a prominent ileal branch which passes back along the ileum to anastomose with 
the termination of the parent trunk itself. It also gives off anterior and posterior 
cecal branches, an appendicular artery which passes down behind the terminal 


ileum to reach the appendix, and an ascending branch. The termination and 
branches of the right side of the superior mesenteric artery together form a longi- 
tudinal anastomotic channel. Notice that the superior mesenteric artery and its 
branches supply the gut from approximately the middle of the duodenum to the 
middle or beyond the middle of the transverse colon. 

The origin of the inferior mesenteric artery from the front of the aorta opposite 
L3 has been described (Fig. 38). It runs down, crossing the common iliac artery 
and vein, to pass into the pelvis as the superior rectal artery which ends by dividing 
into right and left branches. In its course it gives off several branches, the first 
of which is a large left colic artery which divides into ascending and descending 
left colic branches. The ascending branch supplies the left end of the transverse 
colon and the upper part of the descending colon, while the descending branch 
supplies the lower part of the descending colon. The sigmoid colon is usually sup- 
Us by separate sigmoid arteries directly from the inferior mesenteric artery, while 
t podes Es ha сеа is supplied by the right and left superior rectal arteries. 
pases g inal c annel along the colon described in connection with the Su- 

esenteric artery is thus completed by the inferior mesenteric artery. In 


contrast with the abundant capacity for collateral circulation in the colon, the final 
anastomosis between sigmoid and rectal arteries is poor. 


The Blood Supply of Small and Large Bowel FIGURE 51 
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The Peritoneum: I 


In this and the following figures an attempt is made to depict the configuration 
of the abdominal peritoneum. It should be appreciated that in these figures relative 
proportions have been exaggerated. 

The interior of the abdominal cavity is lined by parietal peritoneum which is 
reflected on to the abdominal viscera as visceral peritoneum. The cavity enclosed 
by these two layers of peritoneum is termed the peritoneal cavity. The peritoneal 
cavity is thus much smaller than the abdominal cavity for it consists only of that 
space within the abdominal cavity not occupied by viscera. The peritoneal cavity 
or space thus bears the same relation to the abdominal cavity as the pleural 
space bears to the thoracic cavity. 

Some of the abdominal viscera lie directly against the abdominal wall, covered 
only on their free surface by peritoneum. They are thus termed retroperitoneal. 
Other viscera extend forward into the abdominal cavity enclosed within peritoneum 
which, however, maintains an attachment to the parietal peritoneum. They are 
termed intraperitoneal. The double sheet of peritoneum extending in this latter 
case from the parietal peritoneum of the abdominal wall to the viscus is termed 
a mesentery, 

The peritoneum covering the posterior abdominal wall covers also the ascending 
and descending parts of the colon in the simplest possible manner, i.c., only on 
their lateral, medial, and anterior aspects. The posterior aspects of these viscera 
are directly applied to the posterior abdominal wall. They are thus retroperitoneal. 

In contrast, the transverse colon and small intestine distal to the duodenojejunal 
flexure are both suspended by mesenteries. If we consider such mesenteries as being 
peritoneum coming forward from the posterior abdominal wall, then the term 
"base" or *line of attachment" of the mesentery represents simply the line where 
peritoneum leaves the posterior abdominal wall to become the mesentery of a par- 
ticular viscus. The base or root of the small intestinal mesentery is a diagonal line 
extending from the duodenojejunal flexure at the left of L2 to the terminal ileum 
at the sacroiliac joint. It crosses anterior to the aorta, the inferior vena cava, and 
the right Psoas Major and structures directly related to this muscle. The small intes- 
tine can be moved like a door on a hinge to one side or other of this root. 

The base of the transverse mesocolon (mesentery of the transverse colon) ex- 
tends between the right and left colic flexures, crossing anterior to the middle of 
the descending part of the duodenum and the head and body of the pancreas. The 
transverse mesocolon, when lying in its usual position, obscures the intestine from 
the middle of the duodenum down to and including the initial coils of the jejunum. 
The transverse colon is also movable to either side of the base of its mesentery. 

The duodenum itself, like the ascending and descending colon, is retroperitoneal | 
=з as it joins with the pylorus above and the jejunum below where mesenteries 

gin. 

The sigmoid part of the colon has, 


like the small intestine, a fully defined mesen- 
tery. The base of the sigmoid meser | 


зе itery is sharply angled as it crosses the brim 
of the pelvis just in front of the co 


^ mmon iliac arteries and the left ureter (Fig. 
7B). The mesentery of the appendix is described in Figure 60A. 
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The Peritoneum: II 


As the stomach is traced to the left it becomes contiguous with the middle third 
of the transverse colon. In consequence, the middle section of the transverse meso- 


colon is also the dorsal mesentery of the stomach (dorsal mesogastrium). The base 
of the dorsal mesentery of the stomach, as long as it is coextensive with the trans- 
verse mesocolon, runs transversely along the posterior abdominal wall, To the left 
of this, however, the base of the dorsal mesentery of the stomach changes to the 
vertical plane as it becomes an independent structure arising from that part of the 
peritoneum applied to the front of the left kidney. 

Notice in this figure that the peritoneum which covers the fron! 2nd back of 
the stomach continues up above the lesser curvature as a two-layered peritoneal 
sheet. This sheet is the lesser omentum and is here seen at its pyloric end where 
it terminates abruptly in a free border. The recess behind the stomach and lesser 
omentum is the omental bursa (lesser peritoneal sac). 

In adult life, the greater omentum is a membranous mass rather ob! me in shape, 
spongy and fat laden, which hangs down like a curtain in front of the small intes- 
tine. It arises from the horizontal part of the greater curvature of the stomach 
and is applied and adherent to the anterior aspect of that part of the transverse 
colon which it crosses. 

It is apparent that access to the transverse colon is best obtaine by turning 
the greater omentum upward to expose the clearer posterior aspect ої the colon. 
Access to the omental bursa can also be obtained in this position by incising 
the transverse mesocolon. The omental bursa can also be entered by incising 
the peritoneum between stomach and colon. In exploratory operations, it is ap- 
parent that standard maneuvers will include palpation of structures when the 
greater omentum and transverse mesocolon are down, so that the structures above 
them can be felt, and when the transverse colon and greater omentum are pushed 
upward, allowing access to the structures below and behind them and, finally, 


when the intestines are moved en masse to the right or the left about their mesen- 
teric attachment. 
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The Peritoneum: III 


The spleen develops within the dorsal mesentery, pushing its way out to the left 
so that it acquires a complete investment of peritoneum. That portion of the dorsal 
mesentery extending from the spleen to the posterior abdominal wall opposite the 
kidney is the lienorenal ligament while that portion extending from the greater 
curvature of the stomach to the spleen is the gastrosplenic ligament. 

The splenic artery and vein run forward in the lienorenal ligament to the hilus 
of the spleen. The branches of the artery to the greater curvature of the stomach and 
the tributaries of the vein from this curvature lie between the two layers of the 
gastrosplenic ligament. This is in accord with the general rule that viscera sus- 
pended from the dorsal body wall by mesenteries receive their blood supply 
through vessels which reach them by passing forward between the layers of their 
suspending mesentery. 

Almost the full extent of the lesser omentum is shown here; the liver has been 
removed, leaving behind much of the peritoneum of its posterior aspect, 

Upon reaching the fissure for the ligamentum venosum the peritoneum of the 
ANTERIOR SURFACE of the lesser omentum folds back to the left to line the left 
lobe of the liver. The peritoneum of the POSTERIOR SURFACE continues to the right 
to line the posterior aspect of the small caudate lobe of the liver. The caudate 
lobe of the liver (here outlined in white) lies between the fissure for the liga- 
mentum venosum on the left and the inferior vena cava, here largely embedded 
within the posterior aspect of the liver, on the right. At the left margin of the 
inferior vena cava, the peritoneum lining the caudate lobe is reflected back as the 
peritoneum of the posterior abdominal wall—the space thus enclosed is the upper 
portion of the omental bursa. Inferiorly, however, the peritoneum lining the 
caudate lobe passes continuously to the right, here lining the undersurface of the 
liver. 

The full extent of the omental bursa can now be appreciated. Its left and inferior 
boundaries are formed by the dorsal mesentery and transverse mesocolon; its right 
border is formed inferiorly by the duodenum as it becomes retroperitoneal and 
superiorly by the line of reflection to the left of the inferior vena cava. Free access 
to the sac can be obtained by an opening admitting about two fingers, bounded 
by the duodenum inferiorly, the free edge of the lesser omentum anteriorly, peri- 
toneum covering the inferior vena cava posteriorly, and peritoneum applied to the 
inferior surface of the caudate lobe of the liver superiorly, This opening is called 
the epiploic foramen (of Winslow). 


It should be noted that the dorsal mesentery at the level of the esophagus is 
short—it is named the gastrophrenic ligament. 
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The Peritoneum: IV 


In this figure, the right half of the liver has been added. Notice that, as the cut 
surface here shows, this part of the liver presents a posterior surface applied di- 
rectly to the posterior abdominal wall, and inferior surface which lopes downward 
and forward from the inferior vena cava, passing in front of the duodenum, and 
free anterior and superior surfaces. The right surface of the liver is obscured in 
this diagram. The adjacent part of the upper end of the inferior vena cava is em- 
bedded in the posterior aspect of the liver. 

The posterior surface of the liver to the right of the inferior ven 
applied to the posterior abdominal wall (here consisting of the di 
the intervention of any peritoneum. This part of the liver is ter 1e bare area 
and its extent will be appreciated by reference to Figure 54. The peritoneum of 
the posterior abdominal wall is reflected on to the liver below, to the right, and 
above the bare area. These reflections are termed the coronary ligament. 

The gallbladder is applied to the under surface of the liver betwecen its peri- 
toneal covering and the actual liver parenchyma. The sacular gallbladder drains 
through the cystic duct which joins the common hepatic duct to form the bile duct. 
The gallbladder receives blood from the common hepatic artery by way of the 
cystic artery (Fig. 47). The manner of vascularization is important surgically, but 
quite variable. Venous blood from the organ passes into the portal vein. 

The portion of liver in direct contact with the right end of the lesser omentum 
receives and transmits those structures which lie enclosed within the free edge 
of this mesentery. Because it is thus the gateway for the entering branches of the 
common hepatic artery and portal vein and for the emergent hepatic ducts, this 
area is termed porta hepatis. It will be appreciated now that the liver receives the 
venous drainage of most of the alimentary tract through the portal vein. Its paren- 
chyma is supplied with arterial blood by the common hepatic artery. The mingled 
venous and arterial blood passes into the hepatic veins which empty into the in- 
ferior vena cava. 

The epiploic foramen, located behind the free edge of the lesser omentum and 
partly Shown in the preceding figures, is here obscured by the under surface of 
the liver. Access into the omental bursa can be gained by pushing the liver upward 
So that the fingers can be inserted into the epiploic foramen. 
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In this figure, three-quarters of the liver has been replaced. The greatest transverse 
diameter of the complete organ in the adult is about 20 cm and iis greatest vertical 
dimension near its right surface is from 15 to 17 cm. 

The right lobe of the liver is divided from the left by the falciform ligament, 
à two-layered fold of peritoneum extending from the liver to the anterior abdominal 
wall. The right leaf of the falciform ligament is continuous with the peritoneum 
covering the anterior and superior surfaces of the right lobe of the liver. The left 
leaf is continuous with the peritoneum covering the left lobe. Right and left sides 
of the falciform ligament meet in its free lower border. The ligamentum teres (the 
remains of the fetal umbilical vein) is enclosed within this free border and can 
be traced on to the under surface of the liver. Small veins lie enclosed within the 
falciform ligament and in certain cases where the circulation from the liver into 
the inferior vena cava is obstructed these may, upon enlarging, provide an alternate 
pathway whereby venous blood from the liver can pass to the veins of the anterior 
abdominal wall and so back into the systemic circulation. The union between the 
two sets of veins is effected through veins about the umbilicus. 

The following are some of the more important peritoneal relationships. The hand 
placed on the front of the right lobe of the liver would follow the peritoneum upward 
as it passes off the liver as the superior leaf of the coronary ligament and on to the 
under surface of the diaphragm. The hand would then pass uninterruptedly around 
the anterior abdominal wall. To the right, the hand would similarly pass from the 
liver to the side of the abdominal wall and, continuing forward, to the anterior 
abdominal wall. Followed downward, the hand would palpate the inferior border 
of the liver and the gallbladder and would then pass into a deep pocket between 
the peritoneum lining the under surface of the liver and that lining the posterior 
abdominal wall. The upper pole of the right kidney is behind the peritoneum of 
the posterior abdominal wall in this pocket. The hand passing to the left from the 
starting position given would strike the right side of the falciform ligament. 

The exploring hand starting to the left of the falciform ligament would find the 
left lobe completely enclosed within peritoneum. Traced upward, the peritoneum 
of its anterior surface would be found to reflect upward on to the peritoneum of 
the diaphragm and anterior abdominal wall. Traced under and behind, the peri- 
toneum of its posterior surface reflects to meet the anterior surface of the lesser 
omentum (see also Fig. 55). The anterior and posterior layers of peritoneum lying 
together along the upper border of the liver are termed the left triangular ligament. 

It will now be appreciated that the left lobe of the liver is that portion limited 
on the right by the falciform ligament anteriorly and by the fissure for the ligamen- 
tum venosum Posteriorly. It terminates on the left at an apex located in front of the 
fundus of the stomach (Fig. 50). This lobe constitutes about one-sixth of the mass 
of the liver, The remaining five-sixths of the organ is termed the right lobe of the 
liver. Two small subdivisions of the right lobe are recognized: the caudate lobe, 
which is recognizable only on the posterior aspect of the liver, lies between the in- 
ferior vena cava on the right and the fissure for the ligamentum venosum on the 
left; and the quadrate lobe, which is recognizable only on the inferior surface, lies 
between the gallbladder on the right and the ligamentum teres on the left. 
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The Peritoneum: VI 


While the general features of the peritoneum as seen in the preceding four figures 
are applicable to the major folds and reflections, certain minor folds are also 
present in many locations. The most important of these folds, wh 
able, are located in the ileocecal region. 

The vascular fold extends downward from the mesentery of thc ileum above 
to cover a variable amount of the anteromedial aspect of the cecum. Often it ex- 
tends, as shown here, as far as the base of the appendix. This fold, which obscures 
the terminal end of the ileum, presents a free medial border. The anterior cecal 
branches of the ileocolic artery are usually found within this fold, and it is the 
caliber of these vessels which is partly responsible for the variability in size of 
the fold. The space posterior to this fold is termed the superior ileocecal fossa. 

The bloodless fold (of Treves) extends between the inferior border of the ter- 


h are all vari- 


minal ileum and the adjacent cecum. It almost never contains vessels of any 
appreciable size. The space behind this fold is the inferior ileocecal fossa 
The mesentery of the appendix extends from the posterior surface of the mesen- 


tery of the terminal ileum to the appendix itself. It presents a prominent free mar- 
gin. The appendicular artery runs within the free border of this m sentery with 
reasonable constancy. 

A fossa of greater or lesser size ex 
This is the retrocecal fossa. 


Similar folds and fossae occur in relation to various other parts of the intestine 
and are particularly prominent and constant in relation to the ascending part of 
the duodenum. They also occur commonly below and behind the third part of the 
duodenum and in relation to the sigmoid colon. 

Now that the study of the 
ciated, in summary, 
duodenum and panc 
neal, while all the re: 

In the lower fig 
in greater detail j 
a broadly open p 
and the inferior 


tends upward as a pouch behind the cecum. 


peritoneum has been completed, it shouid be appre- 
that of the abdominal viscera, the kidney and suprarenal, the 
Teas, and the ascending and descending colon are retroperito- 
st are suspended within mesenteries. 

ure, the base of the mesentery of the sigmoid colon is shown 
n order to demonstrate its angulation which, in effect, produces 
eritoneal recess. Note that the apex of the angle crosses the ureter 
mesenteric artery and vein as these lie on the common iliac vessels. 
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THE PELVIS 


س 
The Framework‏ 


In this illustration, the right hip bone and the right half of the sacrum and coccyx 
are seen from within the pelvis. 

The bony pelvis consists of the sacrum and coccyx together with those parts 
of the hip bones lying below the brim of the pelvis. From the ala of the sacrum 
forward to the anterior extremity of the hip bone at the pubic symphysis the brim 
of the pelvis is smooth, rounded, and, as seen from within, gently concave. The 
brim is formed by the ala of the sacrum, the ilium, and the s or ramus of 
the pubis. The inlet of the pelvis is demarcated by the pelvic b of either side 
and includes the pubic symphysis anteriorly and the upper border of the first sacral 
vertebra posteriorly. 

The side wall of the pelvis is formed mainly by the pubis and is 
the ilium participates in small measure. The pelvic wall is pie 
obturator foramen. This foramen is almost completely closed durin 
obturator membrane, but access from within the pelvis to the thi 
possible through the obturator groove which forms the prominent, 
superior portion of the foramen. The soft structures bounding the « 
inferiorly convert it into the obturator canal. 

The posterior border of the hip bone in the pelvis is carved owt by the greater 
and lesser sciatic notches. Between these notches the spine of the ischium is promi- 
nent. The posteroinferior aspect of the body of the ischium is thick and rough 
for tendinous attachment and is termed the ischial tuberosity. 

Note the sacral canal behind the fused bodies of the upper four sacral vertebrae 
and in front of their spines and fused laminae. Note also the pelvic sacral foramina 
through which the ventral rami of the sacral nerves appear in the pelvis. 

The sacrum meets the ilium along mutual irregular L-shaped facets (Fig. 61). 
This sacr iliac joint is strongly reinforced by sacroiliac ligaments both in front and 
behind the joint. These ligaments form a thick, dense mass posteriorly where they 
act in a manner to oppose the tendency for the weight of the trunk to drive the 
sacrum downward, Anteriorly, the pubis of one side is joined to that of the other 
by a cartilaginous plate, the whole union constituting the pubic symphysis. During 
pregnancy, the symphysis can undergo softening and enlargement, a feature tending 
to enlarge the pelvic dimensions. 

The outlet of the pelvis is described in Figure 67. 
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The Pelvic Wall: 
I. The Muscles 


In this figure, further consideration is given to the basic structures of the side wall 
of the pelvis. The broad, dense sacrotuberous ligament, which is narrowest at its 
ischial end, stretches from the ischial tuberosity to the sacrum. The free medial 
border of this ligament forms a sharp, easily defined edge which continues along 
the inferior margin of the ischial ramus as the falciform process. The sacrotuberous 
ligament is one of the toughest in the body. 

From the lateral border of the lower sacrum and the coccyx to the spine of 
the ischium stretches the sacrospinous ligament. This fan-shaped ligament, narrow- 
est at its spinous attachment, passes in front of the sacrotuberous ligament. The 
large space between the sciatic notches anteriorly and the sacrum with the sacro- 
tuberous ligament posteriorly is divided by the sacrospinous ligament into the 
greater and lesser sciatic foramina. Most of those structures which leave the pelvis 
to go into the thigh do so by way of these foramina. 

Two large muscles are related to the side wall of the pelvis. Piriformis arises 
from the front of the sacrum lateral to as well as between the sacral foramina 
and from this origin passes directly lateralward out of the pelvis through the greater 
sciatic notch. So bulky is this muscle as it leaves the pelvis that it reduces the 
greater sciatic foramen to little more than a slit above and below it. Piriformis 
is innervated by branches from S1 and S2. 

Obturator Internus arises from the obturator membrane, the bone adjacent to 
the obturator foramen, and from part of the ilium below the brim of the pelvis. 
From this broad origin it converges to a tendon which makes a sharp, right-angled 
bend and leaves the pelvis through the lesser sciatic notch to pass to the greater 
trochanter of the femur. Obturator Internus is covered by a dense sheet of fascia, 
the obturator fascia, which effectively excludes the muscle from contact with intra- 
pelvic structures. This muscle is innervated by the nerve to Obturator Internus 
(LS, S1, and $2) which arises in the gluteal region. 


In this diagram, both Piriformis and the sacrospinous ligament have been some- 
what reduced in size. 
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The Pelvic Wall: 
П. The Somatic and Autonomic Innervation 


In this figure, the principal spinal nerves in contact with the side wall of the 
pelvis are shown. 
The lumbosacral trunk formed by the ventral rami of L4 and 15 ( Fig. 37) 


descends into the pelvis passing in front of the ala of the sacrum. The ventral rami 
of the first three sacral nerves appear through the pelvic sacral foramina and pass 
forward and laterally in front of Piriformis. The 4th sacral nerve passes forward 


in front of the sacrotuberous ligament, while the 5th sacral and the coccygeal 
nerves lie on the sacrospinous ligament. 

The sacral plexus consists of interconnections between the lumt 
and the first three sacral nerves. 

Most of L4 and 5 and $1, 2, and 3 unite to form the sciatic nerve which leaves 
the pelvis through the greater sciatic notch first in front of and then below 
Piriformis. 

Branches from S2, 3, and 4 join to form the pudendal nerve. Considered as 
à whole the pudendal nerve is seen to pass down and out of the pelvis through 
the greater sciatic foramen below Piriformis, then back in through the lesser sciatic 
foramen. Between its exit and re-entrance it is in contact with the extrapelvic sur- 
face of the ischial spine. It then runs down in front of and above the ischial tuberos- 
ity lying against the obturator fascia. In this part of its course it is encased in 
a fascial canal, the pudendal (Alcock's) canal. Passing forward, it then runs along 
the inferior ramus of the pubis. Leaving the pubis it passes freely forward into 
the external genitalia. Further details of its course are considered in Figure 68. 

The nerves to Piriformis come directly from S1 and S2. 

A branch from $4 runs as the nerve to Levator Ani (this muscle is also supplied 
by filaments from S3 through the pudendal nerve). Another branch from S4 joins 
with S5 and the coccygeal nerve to form a simple set of nerve loops termed the 
Coccygeal plexus. 

The other numerous branches of the sacral plexus—the posterior cutaneous 
nerve of the thigh, the superior and inferior gluteal nerves, the nerve to Obturator 
Internus, and the nerve to Quadratus Femoris—are fundamentally extrapelvic in 
course and will be considered with the gluteal region in Volume III. 

Some general features of the autonomic innervation of the pelvis should be con- 


sacral trunk 


pelvis lying in front of the sacrum. As the superior hypogastric plexus passes down 
at divides into right and left portions which, together with new fibers from the sym- 
pathetic trunk, pass forward on either side of the pelvic wall. Here the plexus is 
renamed the inferior hypogastric plexus and, in addition to its sympathetic fiber 
Content, It receives parasympathetic fibers from the 2nd, 3rd, and 4th sacral nerves, 
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THE PELVIS 


The Pelvic Wall: 
Ш. Levator Ani 


This figure should be studied in conjunction with Figures 62 and 67, which show 
other views of Levator Ani. In this figure, the right hip bone is seen obliquely 
from the front. 

Levator Ani arises from the obturator fascia about one-third of the way down 
the pelvic wall. It also arises from the pubis anterior to and the ischium posterior 
to this fascia. From here its fibers sweep downward, backward, and medially, meet- 
ing their fellows of the opposite side in the midline inferiorly. Together, the 
Levatores Ani thus form a diaphragmatic floor for the pelvis. This floor is concave 
like the inside of a bowl with a downward and forward slope. Contraction of the 
Levatores Ani exerts a pull on the pelvic viscera which pushes them not only up- 
ward but forward as well. The anteromedial border of Levator Ani is free, forming 
a gentle concave margin as it curves backward and medially from the pelvic wall. 

It is apparent that the pelvic diaphragm formed by the two Levatores Ani has 
a U-shaped deficiency anteriorly which, as will be seen later (Fig. 67) is closed 
by the urogenital diaphragm. The rectum leaves the pelvis by passing downward 
and backward through the Levatores Ani. As it does so, the adjacent fibers of the 
muscle blend with the intrinsic muscular coat of the rectum itself. 

Levator Ani is innervated by branches from S3 and S4. 
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The Pelvic Wall: 
IV. The Internal Iliac Artery 


The internal iliac artery, which was seen to branch from the common iliac artery 
opposite the sacroiliac joint (Fig. 38), descends across the brim of the pelvis into 
the pelvic cavity. From here it sends branches to supply the structures of the wall 
of the pelvis itself, the pelvic viscera, and the lower limb. Branches of this artery 
arise from the posterior aspect, the anterior aspect, and the termination of the 
parent trunk. 

1. Branches from the Posterior Aspect of the Internal Iliac Artery. (a) The ilio- 
lumbar artery arises from the back of the internal iliac artery and curves superiorly 
up to the Sth lumbar vertebra and then laterally, deep to Psoas Major, to the iliac 
fossa. (b) Similarly, the lateral sacral artery arises from the back of the parent 
trunk, supplying Piriformis and sending branches into the sacral canal by way of 
the pelvic sacral foramina. (c) The superior gluteal artery likewise arises from 
the back of the internal iliac artery and leaves the pelvis directly by passing out | 
through the greater sciatic notch above Piriformis. The three vessels just described 
may arise from a common trunk. | 

2. Branches from the Anterior Aspect of the Internal Iliac Artery. (a) The su- 
perior vesical arteries run to supply the superior part of the bladder, the terminal 
part of the ureter, and the ductus deferens. These arteries commonly arise from 
the patent proximal part of what was once the umbilical artery. The part of this 
latter vessel distal to the vesical vessels becomes the lateral umbilical ligament. 

(b) The obturator artery accompanies the obturator nerve and with it leaves 
the pelvis. This is the only branch which constantly arises from the anterior aspect 
of the internal iliac artery. All of the others exhibit tremendous variation in their 
number and manner of origin. It will thus be appreciated that, except in the case 
of the obturator artery, several branches may equally well qualify for each named 
branch to be described. 

(c) The inferior vesical arteries run downward and medially toward the base 
of the bladder. They supply the inferior and posterior aspects of the bladder and 
all adjacent structures (in the male, the prostate, seminal vesicles, and terminal 
part of the ductus deferens; in the female, the uterus and vagina). In the female 
one ot the inferior vesical arteries is separately enlarged and prominent as the 
uterine artery (Fig. 73). 


(d) The middle rectal artery (or arteries) runs medially and backward to sup- 
ply the rectum. 
23. Branches from the Termination of the Internal Iliac Artery. The internal 
iliac artery terminates as (a) the large inferior gluteal artery and (b) the slightly 
smaller internal pudendal artery both of which leave the pelvis through the greater 
sciatic foramen below Piriformis. The subsequent course of the internal pudendal 
artery is similar to that of the pudendal nerve ( Fig. 60). 
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THE PELVIS 


The Pelvic Viscera: 
I. The Ureter, Ductus Deferens, and Rectum 


The internal iliac vein receives venous drainage from those regions supplied by 
the corresponding artery. It lies behind the internal iliac artery. 

The ureter passes into the pelvis crossing the external iliac artery at its origin, 
the external iliac vein, the brim of the pelvis, and the obturator nerve, artery, and 
vein. It then curves gently medialward to enter the bladder. The ureter is in- 
nervated by autonomic fibers derived from T10 to L1; since some of these fibers 
are afferent, referred pain from the ureter is experienced along the cutaneous 
distribution of these same segments. It receives arterial blood by small branches 
from the renal, gonadal, internal iliac, and superior vesical arteries. 

The ductus deferens enters the abdomen through the deep inguinal ring (Fig. 
79), then crosses the external iliac vessels to run backward and downward, crossing 
the brim of the pelvis, the obturator nerve, artery, and vein, and the ureter. The 
ductus deferens receives arterial blood from the superior vesical artery through 
a slender branch, the artery of the ductus deferens. 

The rectum rests in the back central part of the pelvic bowl. It is thus in contact 
posteriorly with the sacrum and laterally with Levator Ani and some of the large. 
nerves, arteries, and veins of the pelvic wall. It continues into the anal canal which 
in turn pierces the pelvic diaphragm. The anal aperture is guarded by a strong 
external sphincter of striated, voluntary muscle (Fig. 67). For a distance of about 
2 cm proximal to its outlet, the anal canal is encircled by an internal sphincter of 
smooth involuntary muscle. That part of Levator Ani which encircles the anus 
blends with the longitudinal coat of the muscular wall of the anal canal. This 
coat intervenes between the internal and external sphincters. 

The rectum is supplied with parasympathetic and afferent fibers from S2, 3, and 
4 and sympathetic fibers through the inferior hypogastric plexus. 

The rectum has a triple arterial supply. It receives blood from above through 
the superior rectal arteries (the terminal branches of the inferior mesenteric artery) 
from alongside through the middle rectal arteries, and from below through the in- 
ferior rectal arteries (branches of the internal pudendal). Its venous drainage is 
effected by corresponding veins. It is important, however, to realize that the su- 
perior rectal veins pass to the inferior mesenteric vein, a tributary of the portal 
system, while the middle and inferior rectal veins pass to the internal iliac vein 
which 18 a tributary of the systemic system. Since these veins intercommunicate 
within the rectal wall as the rectal (hemorrhoidal) plexus, there is, in this location, 
àn important potential pathway for portal-systemic anastomosis. 

In summary, the portal venous drainage may, in the event of obstruction, be 
deflected to the systemic circulation by anastomoses located (1) about the esopha- 
gus (Figs. 11 and 49); (2) about the rectum (described above); and (3) in the 
falciform ligament (Fig. 56). 

Note the horizontal diaphragm arising from the inferior ramus of the pubis. This 
urogenital diaphragm is composed of dense membrane inferiorly and superiorly 
With muscular tissue between these two fascial layers. It forms the floor of the 


pelvis anteriorly where the Levatores Ani are deficient, occluding the U-shaped 
deficiency mentioned in Figure 61. 
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The Pelvic Viscera: 
Il. The Bladder 


This figure shows an ideal representation of the bladder, seen obliquely from be- 
hind, in order to clarify the nomenclature used in its description. 

The form of the urinary bladder is that of a three-sided pyramid. It thus presents 
an apex, a base or fundus, a superior surface, and an inferolateral surface on either 
side. The apex terminates in a fibrous cord, the median umbilical ligament (ura- 
chus), which passes up the anterior abdominal wall. The corners of the rather 
triangular, posteriorly placed base are marked out by the entering ureters and 
emerging urethra. The ureters continue in through the wall of the posterior part 
of the bladder rather tangentially so that their internal openings are much closer 
together than would appear from the surface. That portion of the internal surface 
of the bladder between the openings of the ureters above and the urethra inferiorly 
is the trigone, the most fixed part of the bladder. 

The bladder receives arterial blood through the superior and inferior vesical ar- 
teries (Fig. 62). Vesical veins intercommunicate with those surrounding the pros- 
tate and drain to the internal iliac veins. It receives parasympathetic and afferent 
fibers from S2, 3, and 4 and sympathetic fibers from the inferior hypogastric plexus. 

In the male, the ductus deferens crosses the ureter at the bladder and, lying 
on the posterior aspect of the bladder, passes down to the urethra. This part of 
the ductus deferens is dilated and almost sacular. It is termed the ampulla of the 
ductus deferens. 

The seminal vesicles are two saculated structures lying lateral to each ductus 
deferens and opening into their lower ends. The duct formed by the union of semi- 
nal vesicle and ductus deferens is termed the ejaculatory duct. 

The prostate gland surrounds the beginning of the urethra as it emerges from 
the bladder. This part of the urethra, approximately 3 cm in length, is termed the 
prostatic urethra. The prostate is considered to be formed largely by right and 
left lobes. The posterior aspect of this gland is pierced by the ejaculatory ducts 
which pass diagonally downward through the gland to enter the posterior part of 
the prostatic urethra. The wedge of prostate between the ejaculatory ducts pos- 
teriorly and the urethra anteriorly is termed the median lobe (Fig. 65). 

It is obvious that enlargement of the prostrate gland will tend to narrow the 
lumen of the prostatic urethra, while inflammatory change in this gland can extend 
to the lining of the urethra. 

While this description of the bladder is useful for clinical purposes, it will be 
appreciated that in actual fact, a fluid-containing viscus such as the bladder could 
not have flat sides. The bladder is really far nearer an ovoid than a flat-sided pyra- 
mid in shape. The bladder in the adult has a capacity varying up to about 500 
ml; its size accommodates to the contained volume. 
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The Male Pelvis: 
I. The Viscera 


In this and the succeeding six figures, the structures of the pelvis and perineum 
IN THE MALE will be considered. 

The bladder lies partially within the pelvic bowl in front of the rectum and be- 
hind the pubic symphysis. Its apex extends up along the anterior abdomina! wall. 

The first part of the urethra is encased within the prostate gland as the prostatic 
urethra. The prostate separates the inferior surface of the bladder from the urogeni- 
tal diaphragm. The portion of the urethra piercing this diaphragm is termed the 
membranous urethra. 

The prostate is enclosed within a fascial sheath derived from the general pelvic 
fascia. A rich plexus of veins, the prostatic plexus, surrounds the sheath of the 
Prostate as well as the adjacent part of the bladder. This plexus receives venous 
blood from the external genitalia, from the prostate, and from the bladder. It drains 
to the internal iliac vein. 

Enlargement or nodularity of the prostate may be readily appreciated by palpat- 
ing its posterior aspect from within the rectum. 
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The Male Pelvis: 
Il. The Peritoneum 


In this figure, the right half of the male pelvis is shown obliquely so that the peri- 
toneum can be seen. The peritoneal covering of the pelvic viscera forms a “floor” 
for the interior of the pelvis. This floor is considerably higher than the true muscu- 
lofascial floor of the region. The interval between the peritoneal and the muscular 
floor is occupied by the pelvic structures already described, with a 5 
fascia filling up all the interstices. This fascia is thickened anteriorly 
mentous bands between the prostate and pubis—the puboprostatic | 
shown here). 

The peritoneum covers the superior surface of the bladder, dips down slightly 
on its lateral surface, and then sweeps on to the side wall of the pelvis. The shallow 
depression so formed just lateral to the bladder is the paravesical fossa. This fossa 
deepens considerably as the filling bladder rises up out of the pelvis. 

Notice that the anterolateral surface of the bladder is devoid of peritoneum. 
As the filling bladder rises out of the pelvis it moves up between peritoneum and 
anterior abdominal wall. A catheter may thus be inserted suprapubica!ly to drain 
a distended bladder without incising the peritoneum. 

Traced backward, the peritoneum covers only the upper half of the 
aspect of the bladder (with the ureter, ductus deferens, and seminal ve: 
then sweeps upward on to the rectum. The pocket between the blac 
rectum is termed the rectovesical pouch. This latter pouch continu ound the 
side of the rectum as the pararectal fossa. As the pelvic peritoneum sweeps laterally 
from the pararectal fossa to line the lateral pelvic wall it is thrown into a sharp 
fold, the sacrogenital fold. 

The terminal part of the rectum, like the inferior part of the bladder, is com- 
pletely devoid of peritoneum. The remainder of the rectum is covered with peri- 
toneum except for its posterior aspect which lies directly applied to the sacrum. 
As the rectum is traced upward it comes forward so that its posterior aspect be- 
comes more and more covered by peritoneum until, at its upper end, the transition 
to the mesentery of the sigmoid colon is complete. 

Because the lower half of the posterior aspect of the bladder is also devoid of 
peritoneum, the rectal wall is a direct posterior relation of this part of the bladder. 
This facilitates palpation of the bladder and prostate through the rectum, but 
also facilitates the extension of pathological processes between these organs. 
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THE PELVIS 


In this figure, the pelvis is viewed from below so as to show more clearly both 
the margin of the pelvic outlet and its diaphragm. The outlet of the pelvis is 
bounded from before backward on either side by the pubic symphysis, the inferior | 
ramus of the pubis, the ramus of the ischium, the ischial tuberosity, the sacrotuber- | 


The Male Perineum: 
I. The Pelvic Diaphragm 


ous ligament, the sacrospinous ligament, and the coccyx (Fig. 59). The sacrotuber- 
ous and sacrospinous ligaments of the left side have here been removed. 

In the previous legends it has been mentioned that the Levatores Ani, together 
with the urogenital diaphragm, form a complete floor or closure for the pelvis. 
It has been noted that the alimentary tract (rectum) makes its exit from the pelvis 
by passing through the Levator Ani portion of the diaphragm while the urinary 
tract (urethra) pierces the urogenital diaphragm. 

The posterior two-thirds of the diaphragm consist of the sloping walls of the 
Levatores Ani; the anterior third is formed by the horizontally placed urogenital 
diaphragm. 

From the back of the rectum to the tip of the coccyx is the anococcygeal 

raphe which receives the posterior fibers of each Levator Ani. Between the | 
front of the rectum and the back of the urogenital diaphragm there lies a mass | 
of tough tendinous tissue termed the perineal body or central tendon of the 
perineum. This tendinous mass receives fibers from the urogenital diaphragm and 
from Levator Ani as well as from the Sphincter Ani which surrounds the anus. 
It also receives fibers from the Superficial Transverse Perineal muscle which lies 
along the posterior border of the urogenital diaphragm. The perineal body is of 
utmost importance for, if it is severed, the integrity of the pelvic diaphragm is 
destroyed and pressure applied on the diaphragm from within the pelvis can then 
force the Levatores Ani and the urogenital diaphragm apart. As will be seen, this 
perineal body is of particular importance in the female. 

The exteral anal sphincter is shown in this figure. This sphincter consists of 
three parts, all composed of voluntary muscle. Just beneath the skin is the subcu- 
taneous portion which surrounds the anal aperture. Immediately deep to this ring 
is the superficial portion, while deep to this second part is the deep portion which 
not only surrounds the anus but blends with the adjacent fibers of Levator Ani 
as well. The external anal sphincter attaches anteriorly to the perineal body and 
posteriorly to the anococcygeal raphe. The external anal sphincter is innervated 
mainly by somatic fibers from S4. 

It should be noted that the internal anal sphincter consists of smooth muscle 
fibers surrounding the anus immediately beneath the mucous membrane. It repre- 
sents the lowest portion of the intrinsic circular muscle fibers of the anal canal. 

The large space on either side between the sloping wall of Levator Ani on the 
one hand and the side wall of the pelvis on the other is termed the ischiorectal 
fossa. It is limited anteriorly by the urogenital diaphragm and posteriorly by the 
sacrotuberous ligament. This fossa is filled with a pad of fat and traversed by the 
inferior rectal vessels and nerves. It is a common site for abscess formation. 
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The Male Perineum: 
П. The Urogenital Diaphragm 


Here the pelvis is seen from the front and tilted slightly upward in order to provide 
a full exposure for the urogenital diaphragm. This urogenital diaphragm 13 a sleeve 
of membrane stretching between the two diverging rami of the pubis and ischium. 
Its apex is separated by a narrow interval from the pubic symphysis, while pos- 
teriorly, as shown in Figure 67, it blends, through the perineal body, with Levator 
Ani. The sleeve consists of a superior fascia on its pelvic aspect and an inferior 
fascia, commonly termed the perineal membrane, with muscle interposed between 
these two layers. The space between the two layers is called the deep perir 
It is the perineal membrane which is seen here on the left of the c 
the muscles of the deep space on the right. The superior fascia of 
diaphragm is rather thin and blends with the general pelvic fascia. 7 
membrane is very dense and easily defined. 

That portion of urethra passing through the urogenital diaphragm is tern 
membranous urethra. The muscles of the deep space are the Sphinc! 


membranous urethra, consists of circular fibers as well as fibers whic 
transversely to attach to the bony margins. The fibers of the Deep 
Perineal pass transversely across the posterior part of the deep sp: 
through the deep space are parts of the dorsal nerve of the penis and 
panying artery and vein. 

In this figure, the terminations of the pudendal nerve are indicated, aad most 
of the remarks concerning it apply with minor modifications to the terminations 
of the internal pudendal artery and veins as well. The pudendal nerve, which was 
seen lying in the pudendal canal (Fig. 60), approaches the urogenital diaphragm 
and divides into two main portions. One portion, the dorsal nerve of the penis, 
Pierces the diaphragm to supply first the structures within the deep space and 
then, piercing the perineal membrane, continues on into more superficial structures. 


The other branch, the perineal nerve, passes superficial to the diaphragm to supply 
the scrotum and associated structures. 


Passing 
ifs accom- 


peril ‹ 


genital Diaphragm of the Male FIGURE 68 


memb. 
hincler Urelhroe 


ap 
ES of isshiom 
SENE, 


Deep Transverse Perineal 


THE PELVIS 
Ум 


The Male Perineum: 
III. The Root of the Penis 


The urogenital diaphragm is largely obscured by the structures of the root of the 
penis. The root of the penis comprises the lateral corpus cavernosum of either 
side and the centrally placed corpus spongiosum encasing the urethra. The corpora 
cavernosa, termed crura of the penis as they arise from the inferior ramus of the 
pubis, pass forward and medially superficial to the perineal membrane to meet 
one another dorsal (posterior) to the urethra. They consist of spongy erectile tissue 
fed by arteries arising from the internal pudendal artery. A small muscle arises 
from the ischium and inserts into the corpus cavernosum as Ischiocavernosus. This 
muscle is innervated by the perineal nerve. 

Upon piercing the perineal membrane (inferior layer of urogenital diaphragm), 
the urethra turns abruptly forward and is encased in a mass of spongy tissue, the 
corpus spongiosum which runs the remaining length of the urethra. This portion 
of the urethra is thus termed the spongy urethra. The proximal part of the corpus 
spongiosum is expanded to form the bulb of the penis which in turn is enveloped 
by a sleeve of muscle, with attachments to the perineal membrane. This Bulbo- 
spongiosus, upon contraction, compresses the underlying bulb. Of less moment is 
the Superficial Transverse Perineal crossing the posterior border of the perineal 
membrane. 

The fact that the urethra changes direction abruptly as it pierces the perineal 
membrane is important clinically. When metal sounds were commonly used rather 
than more flexible rubber catheters it was not an uncommon accident for the 
urethra to be ruptured at the bend, nor is it simple to pass a rubber catheter prop- 
erly without regard for this angle. There are still occasions when solid catheters 
or sounds must be used, and the hazard is ever present. Rupture of the urethra 
also occurs at this junction of the membranous and spongy parts of the urethra 
In association with fractures of the pelvis. The junction of prostatic and mem- 
branous urethra is also a common site of traumatic rupture. 
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The Male Perineum: 
IV. The Body of the Penis 


In the preceding figure, the root of the penis was seen as it attaches and is directly 
related to the perineal membrane. In this figure, the body of the is i 

as it begins by angling forward from the root. The body of the penis c 
two laterally placed copora cavernosa which meet one another dorsal 


line, and the inferiorly placed urethra (encased in the corpus spongiosum). In the 
groove on the dorsum between the two corpora cavernosa lies the п 1e deep 
dorsal vein of the penis, while on either side of this single structure lic ‘he dorsal 
artery and nerve. All of the structures thus far described are encased in a dense 
sleeve of fascia, the deep fascia of the penis, while superficial to this is a looser 
subcutaneous tissue and the skin (not seen here). The body of the penis receives 
some support from a suspensory ligament taking origin from the pubic symphysis. 

The corpora cavernosa end bluntly and are capped by the glans. The glans is 
an expansion of the spongy tissue surrounding the urethra. The prepuce is a re- 


dundant fold of skin whose base attaches just proximal to the glans 


(Fig. 71). 


The penis receives arterial blood from deep arteries within the cavernous tissue 
a swell as from branches of the dorsal arteries. Both of these are derived from 
the internal pudendal artery. Most of the venous blood is returned t ough the 
prostatic plexus to the internal iliac vein. The organ receives both sympathetic and 
parasympathetic innervation from the inferior hypogastric plexus (Fig. 60). These 


fibers are carried along with the somatic innervation in the pudendal nerve. 
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The Male Perineum: 
V. The Scrotum 


Superficial to the structure of the root of the penis lies the skin pocket, the 
scrotum. The scrotum is a sac lined by a layer of specialized subcutaneous tissue 
with a smooth inner surface. This tissue, the tunica dartos, contains smooth muscle 
fibers which, when stimulated, reduce the size of the scrotum. There does not seem 
to be valid reason any longer for subdividing this fascia into strata. The subcu- 
taneous tissue extends inward to form an incomplete scrotal septum between the 
two halves of the scrotum, the position of which is indicated on the surface by 
a median furrow. 

Within each scrotal compartment lies the testis with its associated structures 
forming the spermatic cord. The testis, which develops within the abdomen, de- 
scends through the inguinal canal of the anterior abdominal wall into the scrotum, 
carrying with it not only arteries, veins, nerves, and lymphatics, but also the ductus 
deferens which conveys the sperm to the urethra. It is these structures which are 
collected to form the spermatic cord. As the cord passes through the abdominal 
wall it acquires coverings derived from the transversalis fascia and from the 
aponeuroses of both Internal and External Oblique (Figs. 79 through 81). These 
layers cover both the testis and the cord as the internal, cremasteric (middle), 
and external spermatic fasciae, respectively. The cremasteric fascia contains muscle 
fibers derived from Internal Oblique. These fibers are innervated by the genito- 
femoral nerve. 

Specifically, the structures of the spermatic cord are the testicular artery, the 
cord-like ductus deferens and its artery, a plexus of veins (pampiniform plexus), 
lymphatics, and autonomic filaments to the testis. 

The ovoid testis, approximately 4 to 5 cm in length, is capped at its superior 
and posterior borders by the epididymis which is the initial portion of the ductus 
deferens. The external secretion of the testis is carried directly into the epididymis 
through small ducts which originate at the superior pole of the gland. The sinuous 
tube-like epididymis descends from the superior pole along the posterior border 
of the testis and then re-ascends alongside its own first part, gradually straightening 
out to leave the testis as the definitive ductus deferens. 

Encasing the testis on all sides except along that border occupied by the epididy- 
mis is a bursa-like sac, the tunica vaginalis. Obviously, the tunica vaginalis and 
epididymis are the structures directly encased by the three spermatic fasciae. The 
testis is abundantly supplied with sympathetic fibers whose original outflow is from 
the T10 level of the spinal cord. Corresponding afferent or “sensory” fibers return 
along the same path to cell bodies located in the dorsal root ganglion of T10. 
Referred pain from this organ is thus in the cutaneous distribution of this somatic 


segment. Its arterial supply comes from the testicular artery, a branch of the ab- 
dominal aorta (Fig. 38) 
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The Female Pelvis: 
I. The Uterus and Vagina 
In this figure, the major portions of the female reproductive systern re shown. 
The uterus and vagina have been transected in the sagittal plane and the two 
halves are separated and shown slightly obliquely. 

The uterus is a pear-shaped organ measuring approximately 7.5 cm in its long 
dimension, 5 cm in its width, and 2.5 cm in depth, in the nulliparous adult. The 
upper portion, of greatest depth and width, is the fundus. This tapers to the 
central body, which, in turn, narrows in its terminal part to form the cervix. The 
slight and rather indefinite surface constriction between body and cervix is termed 
the isthmus: It is this part, termed the lower uterine segment by obstetricians, which 
becomes part of the enlarging uterus during pregnancy. The lower part of the canal 
of the cervix dilates during delivery. The exit from the cervix into the vagina is 
the uterine ostium (external os). 

The vagina is a simple muscular tube broader from side to side than in depth. 
It measures about 9 cm in length. 

The cervix of the uterus is invaginated into the upper end of the vagina. That 


portion of the vaginal cavity surrounding the cervix is termed the fornix. 

In the normal position, the uterus is set into the vagina at a forward angle (ante- 
verted) and, in addition, the body of the uterus is bent forward on itself (ante- 
flexed). The anteversion, when maintained, is a factor in preventing the uterus 
from sliding down the vaginal canal. | 
The uterine walls are formed of thick muscle ог myometrium covered on its 
interior aspect by a specialized mucosa or endometrium whose state and thickness 
alter through the menstrual cycle. The cavity of the uterus is a slit in its antero- 
posterior dimension and appears triangular as seen from the front with the apex 
opposite the isthmus and the two lateral corners at the extreme lateral edge of 
the fundus where the cavity connects with the uterine tube. 

р The uterine tube (Fallopian tube, oviduct) is approximately 10 cm long. It leads 
into the superolateral corner of the uterus from a free extremity whose opening 
is guarded by a series of finger-like processes, the fimbriae. The portion of the 
uterine tube which runs through the myometrium is termed the pars uterina. Be- 
tween the uterus and the fimbriated end, the tube describes an arc as it runs first 
laterally from the uterus to the pelvic wall, then up and posteriorly along the 
wall for a short distance, and finally down slightly at its fimbriated end. 

The ovary, an oval body about 4 cm in its longest diameter, lies below the uter- 
ine tube, lateral to the uterus. It is connected to the lateral border of the uterus 
by the ligament of the ovary which attaches below and behind the uterine tube. 

From a position just below and in front of the uterine tube the round ligament 
(ligamentum teres) of the uterus traces out an arc as it passes forward and laterally 
to the deep inguinal ring. From here it travels through the inguinal canal to end 
in the labium majus. 

The so-called suspensory ligament of the ovary is scarcely a true ligament. It 
represents fascial condensations about those structures which pass to and from the 
ovary (ovarian artery, veins, and autonomic nerve fibers). 
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The Female Pelvis: 
II. The Blood Supply of the Uterus, Vagina, and Ovary 


The uterine artery, usually one of the inferior vesical branches of the internal iliac 
(Fig. 62), approaches the lateral border of the uterus opposite the cervix and as- 
cends as far as the uterine tube. It then passes along the inferior aspect of the 
tube to supply both tube and ovary. In its course it sends multiple branches to 
the body of the uterus and descending branches to the vagina. Notice that the 
uterine artery crosses above the ureter which here approaches the bladde 
forward across the angle between the vagina and lateral border of the cervix. The 
uterine artery becomes greatly hypertrophied during pregnancy. 

The close relationship of the ureter and uterine artery is a major hazard during 
surgical procedures in this area. Removal of the uterus, for example, musi be done 
with due caution not to injure the ureter. 

The ovarian artery, arising directly from the aorta (Fig. 38), runs in the sus- 
pensory ligament to reach the ovary. It supplies this organ as well as the fimbriated 
end of the uterine tube and anastomoses with the termination of the uterine artery. 

The veins of the uterus join with a plexus of veins from the bladder to empty 
into the internal iliac vein. The ovarian vein (Fig. 41) runs to empty into the 
inferior vena cava on the right and the renal vein on the left. 

The uterus and vagina receive sympathetic and parasympathetic innervation 
from the inferior hypogastric plexus. Corresponding afferent fibers return along 
the same path to the lower thoracic segments. The lower portion of the vagina, 
like the external genitalia, receives sensory fibers from the pudendal nerve. 

Lymphatics from the uterus and adnexa (see also Fig. 88) pass, in general, 
upward to lymph nodes located about the iliac arteries or the aorta itself. Lymph 
from the lower vagina passes downward to flow, like that of the perineum, into 
the inguinal nodes. The upper part of the body of the uterus may, of course, also 
drain in par: by lymphatics running with the round ligament to the inguinal nodes. 
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The Female Pelvis: 
III. The General Relations of the Viscera 


In this figure, the distance between the pelvic viscera has been exaggerated. In 
the female pelvis, the uterus and vagina lie between the bladder and the rectum. 
The vagina is thus related anteriorly to the bladder and the urethra, and posteriorly 
to the rectum. Like the urethra, the vagina passes through the urogenital diaphragm 
and is related laterally to Levator Ani. The anterior aspect of the uterus is largely 
in contact with the superior surface of the bladder, while the lateral aspect, except 
for the area where it is in contact with the ureter and uterine artery, is free. In 
this illustration, notice that the uterine tube arches laterally and then posteriorly 
along the side wall of the pelvis and here lies above the ovary. The ovary, although 
freely suspended, is located against the side wall of the pelvis in front of the ureter 
and medial to the obturator nerve, artery, and vein (Fig. 63). 

The pelvic fascia is thick and abundant. It extends from Levator Ani into the 
interstices between the bladder, vagina and uterus, and the rectum. Condensations 
of this pelvic fascia constitute the uterosacral ligaments which run backward from 
the cervix to the sacrum on either side of the rectum. Their course is indicated 
by the arrows. A more important set of ligaments derived from this fascia are the 
cardinal ligaments (Mackenrodt's, ligamentum transversum colli) which extend lat- 
erally on either side from the cervix and superior aspect of the vagina to the side 
wall of the pelvis. These ligaments are not shown here, but, together with the round 
ligaments of the uterus, are of importance in keeping the uterus in its normal 
position. 

During pregnancy, as the uterus enlarges, it moves upward out of the pelvis 
into the abdomen. Since it remains rather fixed at the cervix, most of the enlarge- 
ment occurs in the fundus, body, and isthmus. Changes occur throughout the whole 
uterus affecting its consistency, so that softening of the cervix, as palpated from 
within the vagina, is one of the earliest and most reliable signs of pregnancy. 

This diagram gives some further idea of the importance of Levator Ani. When 
the tonic upward and forward pull of this muscle fails, the relative position of 
bladder, vagina and uterus, and rectum cannot be maintained. Under these condi- 
tions, prolapse of one or all of these viscera may be expected. As previously 
pointed out in the male, the pull and integrity of Levator Ani are largely depen- 
dent on the integrity of the perineal body. In the female, the perineal body may be 
torn in a difficult delivery despite all precautions. It may also be stretched and 
weakened with numerous pregnancies. Prolapse of pelvic viscera is thus fairly com- 
mon in the multiparous female. 
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The Female Pelvis: 
IV. The Uterine Peritoneum 


In this figure, some of the pelvic viscera are seen from the front and slightly 
obliquely. A complication is introduced in the reflections of the pelvic peritoneum 
in the female by the presence of the uterus and its associated structures (the round 
ligament of the uterus, the uterine tube, and the ovary). The peritoneum is reflected 
upward from the bladder (not shown) to cover the anterior aspect of the uterus 
and then down again into a pouch in front of the rectum. Thus, in the midline, 
the ascending peritoneum is separated from the descending layer by the thickness 
of the body of the uterus. 

Lateral to the uterus, the ascending and descending layers of peritoneum are 
separated from one another by part of the pelvic fascia, here termed the parame- 
trium. The peritoneum here, together with the contained fascia, is termed the broad 
ligament. Within the broad ligament lie the round ligament of the uterus, the uter- 
ine tube, and the base of the ovary with its ligaments. (The pelvic peritoneum 
terminates abruptly at the attached margin of the ovary, leaving almost all of this 
organ free in the peritoneal cavity covered by its own germinal epithelium. The 
termination of the peritoneum is visible as an equatorial line at the base of the 
gland.) That portion of the broad ligament suspending the uterine tube is termed 
the mesosalpinx, and, similarly, the portion suspending the ovary is termed the 
mesovarium. 

It should be appreciated that while the cut section shown in this diagram puts 
the uterine tube and ovary into a static position, these structures actually tend to 
hang downward. 
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The Female Pelvis: 
V. The General Peritoneum 


In this figure the right half of the pelvis is seen obliquely from in front. 

As in the male, only the superior aspect of the bladder is covered by peritoneum. 
Similarly, peritoneum traced laterally from the bladder passes into the shallow 
paravesical fossa and then on to the lateral pelvic wall. Traced backward, it sweeps 
up to cover the uterus and adnexa. Depending on the position of the uterus, its 
enlargement either physiologically or pathologically, and the state of fullness of 
the bladder, the pocket between the uterus and bladder, the vesicouterine pouch, 
may be more or less of ani entity. 

Notice that while the anterior aspect of the cervix and vagina are uncovered 
by peritoneum, the posterior aspect of the cervix and upper fourth of the vagina 
have a peritoneal covering. Thus, the rectovesical pouch of the male is replaced 
in the female by the rectouterine pouch (of Douglas). Notice also that an inci- 
sion through the posterior fornix could readily open into the rectouterine pouch. 
This approach through the vagina is commonly used to drain those pelvic abscesses 
which localize here. 

The pocket behind the uterus and vagina continues laterally into the pararectal 
fossa. Again, as in the male, as the peritoneum continues from the pararectal fossa 
to line the lateral pelvic wall, it is thrown into the sacrogenital fold. In the female, 
this fold contains the uterosacral ligament. 

The pelvic fascia, which occupies all the available interstices between the peri- 
toneal and muscular floors of the pelvis, is particularly important in the female 
because of the common occurrence of infection or tumor of the female pelvic geni- 
talia. Such pathological processes spread rapidly through this tissue. 
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The Female Perineum: 
I. The Urogenital Diaphragm 


The fundamental plan of the female perineum is closely homologous with that of 
the male. The differences are, of course, centered about the urogenital diaphragm 
for, in the female, this structure is pierced by the vagina as well as by the urethra, 
with the result that the urogenital diaphragm is so reduced in size that a deep 
space is less readily defined. The deep perineal space, not shown here, is considered 
to be that space containing the Sphincter Urethrae and the Deep Transverse Peri- 
neal (Fig. 68). On the perineal aspect of the urogenital diaphragm the urethra 
and vagina appear in a common opening, the vestibule. 

Directly related to the perineal membrane (inferior layer of urogenital dia- 
phragm) are the homologues of those structures found at the root of the penis. 
The penis itself is represented by the small (1 cm) clitoris which consists of two 
small spongy corpora cavernosa capped by a separable small glans. The corpora 
cavernosa diverge from one another as the crura of the clitoris which attach along 
the inferior rami of the pubis. 

The spongy tissue which, in the male, encases the bulb of the urethra cannot 
do so in the female for, of course, the urethra has already terminated. Instead, 
the bulbar tissue forms a bilateral mass, the bulb of the vestibule, on either side 
of the vestibule. Behind the bulb and superficial to the perineal membrane is a 
large gland, the greater vestibular gland (of Bartholin) which pierces the mucosa 
of the vestibule. This gland frequently becomes large and cystic. 
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The Female Perineum: 
II. The External Genitalia 


The same muscles which, in the male, are associated with the perineal membrane 
and the root of the penis are here found related to the homologous structures. 
Thus, Bulbospongiosus lies superficial to the bilateral bulb, forming an incomplete 
sphincter about the vestibule and attaching posteriorly to the perineal body. Simi- 
larly, Ischiocavernosus and the Superficial Transverse Perineal outline the margins 
of the perineal membrane. 

The mucosa of the vestibule becomes continuous with the skin at the margins 
of this orifice. The skin is modified to form two well-defined folds. The smaller 
of these, the labia minora, lie alongside the vestibule, fading out inferiorly, while 
superiorly they divide into a fold which passes across the midline deep to the cli- 
toris and another which passes superficially like a hood as the prepuce of the cli- 
toris. Lateral to these labia minora are the large skin folds, the labia majora, which 
are composed largely of fatty tissue. These labia fade out inferiorly as they join 
with one another in the midline just anterior to the anus. Superiorly, they become 
continuous with a mound of similar tissue, the mons pubis, which runs transversely 
across the pubic symphysis. The mons is not shown in this diagram. 

It should be noted that the labia minora and majora in this illustration have 
been spread laterally. In the normal position, the labia minora meet one another 
in the midline, closing the vestibule, and are themselves largely enclosed by the 
labia majora which also meet in the midline. 

All those structures superficial to the perineal membrane are innervated by the 
perineal nerve with the exception of the clitoris which is supplied by the dorsal 
nerve of the clitoris. Both these nerves are, of course, branches of the pudendal 
nerve (Fig. 68). 
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The Anterior Abdominal Wall: I 


The innermost layer of the anterior abdominal wall, superficial to the peritoneum, 
is formed by a fascial covering, the transversalis fascia. This fascia is part of a 
much more extensive layer which lines the abdominal and pelvic walls. A tube-like 
prolongation of the transversalis fascia passes over the superior ramus of the pubis 
into the thigh as the femoral sheath. The femoral artery and vein, which are the 
continuations of the external iliac vessels, pass from the abdomen to the thigh 
lying within this femoral sheath. About 2 cm above the femoral sheath there is 
another opening in the transversalis fascia, the deep inguinal ring. The spermatic 
cord and testis, which migrate through this opening, carry along throughout their 
length a tubular sheath of this fascia, the internal spermatic fascia. 

The rectus sheath, which is superficial to the transversalis fascia, is a stout 
fibrous envelope enclosing Rectus Abdominis. This sheath attaches inferiorly to 
the pubis and superiorly to the medial third of the “costal margin.” The rectus 
sheaths of either side join together in the midline to form the dense fibrous linea 
alba which stretches between the xiphoid process and the pubic symphysis. The 
linea alba contains the fibrous tissue of the umbilicus and is widest above this struc- 
ture. The manner of formation of the rectus sheath will become clear as the an- 
terior abdominal wall is described further. For the present, notice that the posterior 
wall of the sheath (which is the part shown on the right of this diagram) ends 
abruptly along the arcuate line about midway between the umbilicus and the pubic 
symphysis. 

The superior epigastric artery, one of the two terminal branches of the internal 
thoracic artery, enters the rectus sheath at the “costal margin.” Its terminal 
branches anastomose with those of the inferior epigastric artery. 

The inferior epigastric artery, a branch of the external iliac, ascends the anterior 
abdominal wall first deep and then superficial to the transversalis fascia. It crosses 
the arcuate line to run between Rectus Abdominis and the posterior wall of the 
rectus sheath. Notice that the inferior epigastric artery at its origin lies just medial 
to the deep inguinal ring. Since its pulsation can be felt, it provides an important 
landmark in this position. 

The epigastric veins corresponding to these two arteries anastomose similarly 
and provide an anastomotic pathway between the superior vena cava above and 
the inferior vena cava below. 

Rectus Abdominis arises from the crest of the pubis (Fig. 61) by a strong flat 
tendon. It broadens as it passes upward to insert into the anterior aspect of the 
KU pum don ا‎ i dà The muscle is almost completely cut across in 
wall ef din а ih м ie intersections which are also attached to the anterior 

: . Rectus Abdominis is innervated by the ventral rami of 
the lower six or seven thoracic nerves. 
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The Anterior Abdominal Wall: П 


The inguinal ligament is a dense fibrous band stretching between the anterior su- 


perior iliac spine laterally and the pubic tubercle medially. On the left of this dia- 
gram the ligament has been pulled downward to show those fibers which pass from 
its deep surface to the pectineal line. (The pectineal line, the sharp anterior end 


of the brim of the pelvis, was seen in Figure 61.) These fibers are separately named 
the lacunar ligament. 

The femoral sheath passes down into the thigh deep to the inguinal ligament 
with its medial side resting against the sharp free border of the lacunar ligament. 
The deep inguinal ring in the transversalis fascia is located just above the inguinal 
ligament, near its midpoint. Actually, the deep ring is located halfway between 
the pubic symphysis and the anterior superior iliac spine. 

Transversus Abdominis arises from the thoracolumbar fascia and from the deep 
aspect of the “costal margin” interdigitating here with the diaphragm (Figs. 35 
and 36). In addition to this, it also arises from the inner margin of the crest of 
the ilium and from the lateral third of the inguinal ligament. From this broad ori- 
gin, the fibers sweep forward and medially, passing, in general, transversely in front 
of the abdominal contents directly anterior to the transversalis fascia. 

Except for its lowest fibers, Transversus Abdominis inserts continuously into 
the rectus sheath and through this into the linea alba. All of its fibers above the 
arcuate line go into the posterior wall of the rectus sheath, while below this the 
fibers pass abruptly into the anterior wall of the rectus sheath. The lowest fibers 
(with fibers from Internal Oblique, Fig. 81) form a tendinous band adjacent and 
lateral to the rectus sheath. This band is termed the conjoint tendon (inguinal falx). 

The medial part of Transversus Abdominis, from about the midclavicular line 
to its final insertion, is no longer muscular but made up of strong aponeurotic 
fibers. Notice, however, that the line of commencement of this aponeurosis is not 
straight, so that superiorly some muscular fibers lie posterior to Rectus Abdominis. 


Transversus Abdominis is innervated by the ventral rami of the lower thoracic 
and first lumbar nerves. 
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The Anterior Abdominal Wall: Ш 


Internal Oblique, shown on the right side of this diagram, lies immediately super- 
ficial to Transversus Abdominis, covering all of this latter muscle. It arises from 
the thoracolumbar fascia (Fig. 35), from the crest of the ilium, and from the lateral 
half or two-thirds of the inguinal ligament. From this origin, the fibers pass forward 
and medially to reinforce the anterior abdominal wall. Although the lowest fibers 
pass either downward or transversely, the predominant direction is slightly upward. 
The muscle fibers give way to an aponeurosis before reaching the rectus sheath. 
Internal Oblique inserts continously into the rectus sheath and hence the linea 
alba as well as into the 9th, 10th, 11th, and 12th costal cartilages. The lowest fibers 
join with the similar fibers of Transversus Abdominis just lateral to the lower end 
of the anterior part of the rectus sheath to form the cónjoint tendon. The rest 
of the fibers, which pass into the rectus sheath, are about equally divided between 
the anterior and posterior walls of the sheath except below the arcuate line where 
all the fibers pass into the anterior wall. Internal Oblique is innervated by the ven- 
tral rami of the lower thoracic and first lumbar nerves. 

External Oblique, shown on the left side of this illustration, arises from the an- 
terior and lateral parts of the chest wall by fibers attaching to the lower eight ribs. 
From this origin, the muscle sweeps downward, forward, and medially to insert 
into the outer margin of the crest of the ilium, the inguinal ligament and, through 
the anterior wall of the rectus sheath, into the linea alba. The muscle fibers give 
way to an aponeurosis along a curved line joining the anterior superior iliac spine 
to the “costal margin” at the 9th costal cartilage. Although the lower aponeurotic 
fibers are usually described as inserting into the inguinal ligament, in actual fact 
these fibers form the ligament. An opening in the aponeurosis of External Oblique 
just above the pubic tubercle constitutes the superficial inguinal ring for the passage 
of the spermatic cord. External Oblique is innervated by the ventral rami of the 
lower thoracic nerves. 

In summary, notice that the posterior wall of the rectus sheath is actually formed 
by a contribution from all that portion of Transversus Abdominis which lies above 
the arcuate line and about half of the Internal Oblique fibers above this same line. 
The anterior wall is composed of aponeurotic fibers from External Oblique and 
about half of Internal Oblique throughout most of its length and reinforced in- 
feriorly by the addition of fibers from Transversus Abdominis. 

The inguinal canal has been progressively delineated in Figures 78 through 80. It 
begins at the deep inguinal ring and ends at the superficial inguinal ring. This canal 
is occupied by the spermatic cord. Its posterior wall consists of transversalis fascia 
and, more medially, the conjoint tendon. Its anterior wall consists in small part of 
fibers of Internal Oblique arising from the inguinal ligament, and to a greater 
extent, of the aponeurosis of External Oblique. Inferiorly, the canal is bounded by 
the inguinal ligament. Essentially, the inguinal canal is an intermuscular space per- 
mitüng passage of the spermatic cord from the deep inguinal ring through the 
superficial inguinal ring into the scrotum. 

In the female, the inguinal canal is less well defined than in the male. It is occu- 


pied largely by the round ligament of the uterus which terminates in the labium 
majus. 
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The Anterior Abdominal Wall: IV 


The cross section shown here (through L4) attempts to coordinate some of the 
previously described features of the anterior abdominal wall. Properly speaking, 
the anterior abdominal wall extends back along the sides of the body as far as 
the fused layer of thoracolumbar fascia from which Transversus Abdominis and 
Internal Oblique arise. External Oblique, the outermost of the three muscles, has 
a free posterior border. 

Traced forward, the three muscles of the wall become aponeurotic, the deepest 
muscle, Transversus Abdominis, effecting the transition closest to the midline. In 
the “typical” region (from halfway between the umbilicus and xiphoid process 
above to halfway between the umbilicus and pubic symphysis below) the aponeuro- 
sis of Internal Oblique passes equally into the anterior and posterior rectus sheath, 
while that of Transversus Abdominis reinforces the posterior wall of the sheath 
and that of External Oblique reinforces the anterior wall. 

Notice that in the section represented here the aponeurosis of External Oblique 
is separable from the lateral half of the rectus sheath. As this aponeurosis is traced 
downward it becomes separated from the rectus sheath more and more medially 
so that, for 2 or 3 inches, above the pubic symphysis, the two structures are 
completely separate. Traced upward from this section the aponeurosis of External 
Oblique fuses with the anterior rectus sheath more and more laterally so that 
above the umbilicus the two structures are identical. 

If this section were taken a little closer to the pubic symphysis (below the arcu- 
ate line), no posterior wall of the rectus sheath would be shown; instead, all the 
aponeurotic fibers of Transversus Abdominis and Internal Oblique would pass into 
the anterior wall. 

The lower six thoracic nerves enter the anterior abdominal wall lying between 
Transversus Abdominis and Internal Oblique. They pass forward between these 
muscles to the rectus sheath which they pierce to innervate Rectus Abdominis and 
finally terminate in the skin of the anterior abdominal wall. As has been mentioned 
(Fig. 6), the lateral cutaneous branches of these nerves drop downward to inner- 
vate the side of the abdominal wall at the same level as the anterior terminations. 
Thus, T7 supplies a horizontal band of skin at the level of the xiphoid, T10 a 
band at the level of the umbilicus, and T12 a band just above the pubic symphysis. 
The two cutaneous branches of L1, the iliohypogastric and ilioinguinal nerves (Fig. 
37), also end in the anterior abdominal wall just above the pubic symphysis. 
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The Spinal Cord (Spinal Medulla ) and Meninges 


The spinal cord (spinal medulla), a continuation of the medulla oblongata, lies 
within the vertebral canal of the vertebral column and extends down as far as L2. 
The present illustration depicts the general features of a segment of the cord as 
seen obliquely from behind. The nerve roots are shown only on the right. 

The cord is cylindrical in shape with an H-shaped core of gray matter. The 
gray matter consists primarily of cellular elements, while the surrounding white 
matter consists largely of nerve fibers. Anteriorly, the ventral median fissure partly 
separates the cord into right and left halves while posteriorly, the thin dorsal me- 
dian septum cuts into the cord. 

The dorsal root (afferent fibers) of each spinal nerve begins as a linear series 
of rootlets. These rootlets emerge from that part of the cord just overlying the dorsal 
horn of gray matter. Similarly, the ventral root (efferent fibers) of the spinal nerve 
arises from the anterior aspect of the cord by a series of rootlets which begin right 
in the ventral horn of gray matter. These are not linear, but occupy a band 2 
or 3 mm wide. Ventral and dorsal roots pass laterally, joining, usually within the 
intervertebral foramen, to form the spinal nerve (Fig. 9). The spinal (dorsal root) 
ganglion, which contains the cell bodies of the afferent fibers, lies on the dorsal 
root just proximal to this point of union. 

Closely investing the cord throughout its length is the pia mater. This membrane 
provides sheaths for the vessels entering into the substance of the cord as well 
as for the nerve roots leaving it. The pial sheaths for the ventral and dorsal nerve 
roots extend right to their point of union. A denticulate ligament, of pial origin, 
extends longitudinally on either side of the cord. The apices of its toothed projec- 
tions attach through the arachnoid to the dura. 

Outside the pia, the cord is ensheathed by the thin-walled arachnoid mater. The 
arachnoid also sends a tubular sheath along the ventral and dorsal nerve roots 
for a short distance, but usually this sheath does not go as far as the pial sheath. 
Cobwebby fibers incompletely interrupt the space between the arachnoid and the 
pia. This subarachnoid space is filled with cerebrospinal fluid. Obviously, the sub- 
arachnoid space extends for a short distance on to the nerve roots. 

The dense fibrous dura mater forms a tough outer encasement surrounding the 
arachnoid. A potential subdural space exists between the dura and the arachnoid. 
In general, the encasement for the emergent nerve roots which the dura provides 
is prolonged on to the spinal nerve. In the case of the very oblique lowest nerves, 
however, ventral and dorsal roots unite before reaching the dura so that only a 
single dural sheath is provided for the spinal nerve itself. 

Between the bony walls of the spinal canal and the dura is the epidural space. 
The bony wall bounding the vertebral canal was seen in Figure 1. Between the 
vertebrae, the canal is closed posteriorly by the ligamenta flava joining the laminae 
and anteriorly by the posterior longitudinal ligament joining the vertebral bodies. 

Spinal nerves can be anesthetized in several locations. An anesthetic solution 
can be injected at the point where they emerge from the intervertebral foramina 
(paravertebral block), or into the epidural space (epidural and caudal anesthesia), 


or into the subarachnoid space (spinal anesthesia), The subdural space is less 
easily used. 


The Spinal Cord (Spinal Medulla) and Meninges FIGURE 83 


| 


ventral median fissure 


lorsal median septum — ventral rool 
dorsal root 


spinal nerve 
spinal (dorsal root) ganglion 


pia maler 


arachnoid mater — 


dora mater —— 


THE BACK 


و و و و و و ي س 


The Spinal Cord 


Two smooth fusiform enlargements are present on the cylindrical spinal cord. The 
cervical enlargement begins approximately opposite C2 and ends opposite T2 
greatest circumference being at the level of the roots of the 6th cervical : 
The lumbar enlargement begins at approximately T9, attains a maximum 
proximately T12, and tapers rapidly to end opposite L2 where the cord teri 


The cervical and lumbar enlargements represent the areas where a large nun a 
of fibers concerned with the innervation of the upper and lower limbs arise. In 
the region of these enlargements the cord almost completely fills the vertebral ca 
so that a minimal bony displacement resulting from trauma in this area can 


cause injury to the cord. 

The pia mater continues down as a thread beyond the termination of th: 
at L2 to end by fusion with the dorsum of the coccyx. This filum terminale co 
some nerve tissue within its upper part. The dura mater and the arachnoid mater 
end blindly opposite S2. Thus, between L2, where the cord terminates, and 52, 
the subarachnoid space is obviously very large. 

The vertebral canal is continuous with the sacral canal which is closed by mem- 
brane close to the tip of the sacrum. Since the dura ends at S2, it is obvious 
the epidural space between S2 and S5 is very large. 

Since the spinal cord is shorter than the vertebral canal, it is obvious tia 
order to reach the intervertebral foramina the nerves must pass not only la rally 
but downward as well. Obviously, too, the first cervical nerve passes almost directly 
laterally to the intervertebral foramen, while the lumbar and sacral nerves pass 
almost vertically downward. Below L2, the subarachnoid space is occupied by 
those nerves which must still descend to reach their point of emergence. These 
nerves (L3 to coccygeal 1) are collectively referred to as the cauda equina. 
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The Framework 


In this illustration, the lumbar vertebrae and sacrum are shown as they appear 
from behind and slightly obliquely. Of particular interest in this view of the lumbar 
vertebrae are the broad blunt spines of the lumbar vertebrae. These are readily 
palpated in the living subject since they lie immediately beneath the skin. In con- 
trast to the thoracic region where the spines and laminae overlap one another, 
preventing any easy access into the vertebral canal, the spines here are almost a 
finger’s breadth apart, and the laminae fail to meet by about the same amount. 
Only the ligamenta flava prevent access to the spinal canal between the laminae; 
consequently, needle puncture right into the subarachnoid space is readily effected 
in the lumbar region. This is not particularly desirable above L2 where the spinal 
cord might be damaged by an entering needle, but below this level such a lumbar 
puncture would encounter only the cauda equina, the constituent nerves of which 
tend to slide aside from the needle. 

The line joining the highest points of the iliac crests across the back passes be- 
tween the spines of the 3rd and 4th lumbar vertebrae or across the 4th lumbar 
spine. Since this is the most accessible and reliable landmark in the area, lumbar 
puncture is usually performed through the ligamenta flava joining either L3 to L4 
or L4 to LS. 

As previously mentioned, the sacrum is formed of five fused vertebrae. The 
spines of the upper four of these are usually present as vestigial knobs, while lateral 
to these the laminae have fused completely, closing off the vertebral canal, which 
is here termed the sacral canal. The sacral canal is occupied by those constituents 
of the cauda equina which have not yet reached their point of emergence as well 
as by the filum terminale. 

The lower end of the sacral canal is open as the sacral hiatus which is flanked 
on either side by the readily palpated sacral cornua. In life the sacral hiatus is 
sealed by a dense ligament closing off the sacral canal. For purposes of anesthesia 
the sacral canal can be entered by piercing this ligament. Provided the needle is 
kept below S2, it will lie in the epidural space. This variety of epidural anesthesia 
is termed “caudal block.” Because of the frequency with which such a block is 
performed it is important to recognize that anomalies of the sacrum are common. 
Among these may be mentioned the sacrum formed of 6 segments with a length- 
ened sacral canal, and that formed of 4 segments with a short sacral canal. In 
addition, fusion of spines and laminae may be incomplete, especially at the lower 
end, so that the sacral hiatus may be considerably enlarged. 

Anomalies in the lumbar vertebrae are also common and may, in some cases, 
constitute adequate causes for strain and low back pain. 
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The Muscles 


The muscles of the back are numerous and complicated in their attachments. Clini- 
cally, only their general arrangement is of interest. 

The muscle mass runs vertically on either side of the midline from the sacrum 
to the skull and, as a whole, may conveniently be termed the “Extensor of the 
back.” It consists of a deep stratum lying close to the spinal column with fibers 
passing, in general, rather upward and medially, and a larger superficial stratum 
whose fibers are, in general, more vertical. 

The parts of the deep stratum (left side of this diagram) are termed Multifidus 
(which overlies Rotatores) in the lumbar region and Semispinalis in the thorax 
and neck. 

The more superficial stratum (right side of this diagram) is broader in its width 
than is the deep stratum. In the lumbar region this mass, termed Erector $ 2 
arises from the sacrum, ilium, and lumbar vertebrae and passes upward to 
the thorax where it separates into three columns. The most medial column, term 
Spinalis, attaches chiefly to the thoracic spines. Lateral to Spinalis, the col 
is termed Longissimus (1.е., Longissimus Thoracis, Longissimus Cervici 
Longissimus Capitis). The most lateral column is made up of the Jliocostalis 
which is also named according to the region of its origin and insertion (e.g., Ilio- 
costalis Lumborum, Iliocostalis Thoracis, and Iliocostalis Cervicis) . 

In general, the component parts of the Extensor of the back are supplied by 
the dorsal rami of adjacent spinal nerves. 

As a whole, it should be appreciated that the extensor column of muscle is thick- 
est in the lumbar region where it supports the lumbar curve of the spine, and again 
in the neck where it supports the cervical curve. The curves of the thorax and 
sacrum are maintained largely by the shapes of the articulating bones. These latter 
curves are termed “primary” since they are present in the fetus, while those of 


the lumbar and cervical regions, which develop postnatally, are termed “secondary” 
or “acquired.” 


The Muscles FIGURE 86 
а 


MÀ 


›@ mispinalis 


lliocostalis Thoracis 


| 
Ше | Longissimos Thoracis 


IV) 
W L Spinalis 


" 
TI 7 


Iliocostalis Lumborum 


crest of iliom W Erector Spinae 


Moltifidos 


COCSYX 


The Abdomen: III 


THE ABDOMEN: III 


Surface Anatomy 


The numbers below correspond to the numbers in the diagram and represent land- 
marks which are readily palpated. 

(1) The “costal margin” from the xiphoid process around the back to the lower 
border of the 12th rib. 

(2) The crest of the ilium throughout its length beginning at (3) the anterior 
superior iliac spine and ending at (4) the posterior superior iliac spine. The posi- 
tion of the latter is marked by a skin depression. 

(5) The pubic symphysis and, about 2.5 cm lateral to this, (6) the pubic 
tubercle. 

(7) The inguinal ligament between the anterior superior iliac spine and the 
pubic tubercle. The position of this ligament does not correspond to the skin fold 
of the groin, but is above it. 

(8) The lateral border of the rectus sheath. 

(9) In the male, the superficial inguinal ring (with the spermatic cord descend- 
ing from the ring to the scrotum) is located just above the pubic tubercle. In the 
female, the superficial ring is palpable to a lesser extent. 

(10) The lumbar spines posteriorly. A line joining the highest point of the iliac 
crest of either side across the back passes between the spines of L3 and 14 or 
through L4. 

(11) The Erector Spinae on either side of the lumbar spines, particulariy its 
lateral border. 

In their normal positions none of the viscera can be palpated specifically with 
the exception of the uterus which can be outlined by grasping it between two intra- 
vaginal fingers of one hand and the other hand pressed into the abdomen above 
the pubic symphysis. Other viscera, if enlarged or displaced, however, may become 
palpable. For example: 

The lower border of an enlarged liver descends below the right “costal margin” 
and can be felt lateral to Rectus Abdominis (it is not possible to palpate through 
the rectus sheath). The gallbladder is rarely palpable, but the overlying abdominal 
wall often becomes tender when this organ is inflamed. The tip of the gallbladder 
is located in the angle between the rectus sheath and the right “costal margin.” 

ae’ enlarged spleen descends below the left “costal margin” lateral to the rectus 
sheath. 

An enlarged kidney can be made out with one hand pressing forward in the 
loin and the other pressing backward in the anterior abdominal wall. Tenderness 
in the costovertebral angle (posteriorly between the 12th rib and the lateral border 
of Erector Spinae) often accompanies disease of the kidney. 

For clinical purposes, the abdomen is considered to be subdivided into four 
quadrants formed by transverse and vertical axes through the umbilicus. Reference 


to the descriptions already given for the abdominal viscera will make those viscera 
contained within each quadrant apparent. 
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The main lymphatic drainage of the abdomen and pelvis is to the cisterna chyli. 
The cisterna chyli receives five tributaries: two descending intercostal trunks, two 
lumbar trunks, and one intestinal trunk. 

(1) Each descending intercostal trunk drains those intercostal nodes situated 
in the posterior part of the lower intercostal spaces. These nodes drain the posterior 
parts of the intercostal spaces and the parietal pleura. 

(2) Each lumbar trunk may be considered, for our purposes, to begin in the 
groin by draining the inguinal nodes. From here the main pathway is alongside 
the external iliac artery, then the common iliac artery, and finally the aorta. This 
pathway is interrupted by collections of nodes named according to their location, 
e.g., external iliac, common iliac, or aortic nodes. 

The inguinal nodes drain the superficial parts of the buttocks, the perineum in- 
cluding the external genitalia, and the anterior abdominal wall up to the umbilicus. 
In the female, these nodes also receive the drainage from the lower part of the 
vagina and a limited amount of lymph from the uterus by way of the round liga- 
ment. The inguinal nodes, in turn, drain to the external iliac nodes. 

The external iliac nodes, in addition to the effluent from the inguinal nodes, also 
receive some drainage from the deep parts of the anterior abdominal wall directly. 

The common iliac nodes receive the drainage of the more inferior nodes above 
described and in addition most of the drainage from the pelvic viscera which arrives 
here directly or through the internal iliac nodes. Note that some lymph channels 
from the pelvis bypass this system by flowing directly to the aortic nodes. 

The aortic nodes receive lymph from the iliac nodes and in addition the drainage 
of the testis, ovary, and uterine tube (compare this with the arterial supply of these 
parts). The left nodes receive the drainage of the distal half of the large bowel, i.e., 
descending colon, sigmoid, and rectum (see inferior mesenteric artery). 

(3) The intestinal trunk receives all of the lymphatic drainage from the whole 
of the abdominal alimentary system and its derivatives with the exception of the 
descending colon, sigmoid, and rectum which drain to the left lumbar trunk. 

The thoracic wall is drained posteriorly to the thoracic duct by way of intercostal 
vessels. For the rest, the thorax is drained by three main systems as follows: 

(4) Each internal thoracic system drains the deep part of the anterior abdomi- 
nal wall above the umbilicus, the upper and anterior surfaces of the liver by way 
of the falciform ligament, and the deep part of the thoracic wall including the 
parietal pleura as far back as the angles of the ribs (see internal thoracic artery). 

(5) Each brachiocephalic system drains glands which lie around the great ves- 
sels of the superior mediastinum. This system drains the thymus, the upper part 
of the pericardium, and the right side of the heart. 

(6) Each tracheal system carries the drainage from the lungs and trachea. This 
system is interrupted by the hilar glands located at the roots of the lungs, the 
tracheobronchial glands about the bifurcation of the trachea, and the paratracheal 
glands lying alongside the trachea. 

These three systems usually unite to form the mediastinal trunk which joins the 
thoracic duct or, on the right side, the right lymphatic duct near its upper end. 

The lymphatic drainage of the upper part of the esophagus passes to the thoracic 
duct directly or indirectly through the tracheal system. The lower part drains sepa- 
rately to the descending intercostal trunks. 
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(References are to figure numbers) 


Aditus to lesser sac. See Foramen, 
epiploic 
Ala of sacrum, 33, 58 
Anastomoses 
portal-systemic, 11, 49, 56, 63 
superior vena cava-inferior vena cava, 
79 
Ampulla of Vater. See Papilla, duodenal 
Angle, sternal (of Louis), 3 
Aorta, See Artery, aorta 
Appendix, vermiform, 50 
blood supply, 51, 57 
Artery 
adrenal. See Artery, suprarenal 
aorta, abdominal, 38, 40, 41 
thoracic, 7, 11-16, 18, 23, 26 
appendicular, 51, 57 
brachiocephalic, 14, 15 
bronchial, 29 
carotid, common, 14, 15 
cecal, 51 
celiac trunk, 38, 46, 49 
circumflex, 21 
colic, 51 
coronary, 21 
costocervical. See Trunk, costocervical 
cystic, 47 
to ductus deferens, 63 
epigastric, inferior, 79 
superior, 7, 79 
gastric, left, 46-49 
right, 47, 49 
short, 46, 47, 49 
gastroduodenal, 47 
gastroepiploic, left, 46, 47, 49 
right, 47, 49 
gluteal, 62 
hemorrhoidal. See Artery, rectal 
hepatic, common, 46-49, 54 
left, 47 
middle, 47 
right, 47 


Artery (continued) 
ileal, 51 
ileocolic, 51, 57 
iliac, common, 38, 62 
external, 38, 62 
internal, 38, 62 
iliolumbar, 62 
innominate. See Artery, 
brachiocephalic 
intercostal, anterior, 7 
highest, 7, 8 
posterior, 7, 8, 11 
interventricular, 21 
intestinal, 51 
lienal, 46, 47, 49 
lumbar, 38 
mammary, internal. See Artery, 
thoracic, internal 
mesenteric, inferior, 38, 51 
superior, 38, 41, 43, 45, 51 
musculophrenic, 7 
obturator, 62, 63 
ovarian, 38, 73 
pancreaticoduodenal, inferior, 47, 51 
superior, 47 
of penis, dorsal, 68, 70 
phrenic, inferior, 38 
pudendal, internal, 62, 68 
pulmonary, left, 13, 14, 20, 26 
right, 13, 14, 20, 27 
rectal, inferior, 63 
middle, 62, 63 
superior, 51, 63 
renal, 38 
sacral, lateral, 62 
median, 38 
sigmoidal, 51 
splenic, 46, 47, 49 
subclavian, 7, 14, 15 
suprarenal, 38 
testicular, 38, 71 
thoracic, internal, 7, 79 
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Artery (continued) 
umbilical, 62 
uterine, 62, 73 
vaginal, 73 
vesical, 62 

Articulation. See Joint 


Bladder, urinary, 64-66, 74, 76 
blood supply, 64 
nerve supply, 64 

Body, perineal, 67, 74 

Bones. See individual bones 

Brim, pelvic, 33, 58 

Bronchus, left principal, 12, 13, 26 
right principal, 12, 13, 27 

Bulb, of penis, 69 
of vestibule, 77 


Caecum. See Cecum 
Canal 

Alcock’s. See Canal, pudendal 

anal, 63, 67 

inguinal, 81 

obturator, 58 

pudendal, 60 

pyloric, 48 

sacral, 58, 84, 85 

vertebral, 1, 84, 85 
Cartilage, costal, 3 
Cauda equina, 84 
Cecum, 50 

blood supply, 51 

nerve supply, 39 
Chordae tendineae, 18, 20 
Cisterna chyli, 10, 11, 40, 88 
Clitoris, 77 
Coccyx, 33, 58, 59, 67, 85 
Colon, 50 

blood supply, 51 

nerve supply, 39 
Conus arteriosus, 20 
Cord 

spermatic, 71, 81 

spinal, 9, 83, 84 


Diaphragm, the, 4, 11, 36, 40 
urogenital, 61, 63, 67 
female, 74, 77 
male, 65, 67-69 


192 


Disc, intervertebral, 1, 33 
Duct (ductus) 
bile, 44, 48, 54 
cystic, 44 
deferens, 63, 64, 71 
ejaculatory, 64, 65 
hepatic, 44 
lymphatic, right, 10 
pancreatic, 44 
thoracic, 10, 12, 40, 88 
Duodenum, 43, 44, 50 
blood supply, 47 
nerve supply, 43 


Epididymis, 71 
Esophagus, 11, 12, 26, 48 
blood supply, 11 
nerve supply, 32 


Falx, inguinal. See Tendon, conjoint 
Fascia 
endoabdominal. See Fascia, 
transversalis 
iliac, 35 
lumbodorsal. See Fascia, 
thoracolumbar 
obturator, 59, 60 
pelvic, female, 74-76 
male, 66, 68 
of penis, 70 
psoas, 35 
spermatic, cremasteric, 71 
external, 71 
internal, 71, 79 
superior, of urogenital diaphragm, 68 
thoracolumbar, 35, 82 
transversalis, 79 
Fibrocartilage, intervertebral, 1, 33 
Filum terminale, 84 
Fissure, for ligamentum venosum, 54 
of lung, 29 
Fold 
bloodless (of Treves), 57 
sacrogenital, 66, 76 
vascular, 57 
Foramen 
epiploic (of Winslow), 48, 54 
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Foramen (continued) Heart (continued) 
intervertebral, 1 blood supply, 21, 22 
obturator, 58 nerve supply, 32 
sacral, 58 ventricle, left, 18 
sciatic, greater, 59 right, 20 

lesser, 59 Hip bone, 33, 58, 61, 85 


Fossa. See also Pouch; Space 
ileocecal, 57 


iliac, 33 Iliac bone, 33 

ischiorectal, 67 Ileum, 50 

ovalis, 17, 19 blood supply, 51 

pararectal, 66, 76 nerve supply, 39 

paravesical, 66, 76 Ilium, 58 

retrocecal, 57 Infundibulum of right ventricle. See 


Conus arteriosus 
Inlet of thorax, 4 


Gallbladder, 55 of pelvis, 58 
blood supply, 55 Innominate bone. See Hip bone 
nerve supply, 39 Intestine. See individual parts 
Ganglion Ischium, 58, 59, 67 
aorticorenal, 39 
celiac, 39 
stellate, 10 Jejunum, 50 
sympathetic, abdominal, 39 blood supply, 51 
thoracic, 9, 10 nerve supply, 39 
Gland Joint 


adrenal. See Gland, suprarenal costochondral, 3 
mammary, See Volume III intervertebral, 1 
ovary, 72, 74, 75 pubic symphysis, 58 
blood supply, 38, 41, 73 sacroiliac, 33, 58 
prostate, 64, 65 sternocostal, 3 
suprarenal, 42 
blood supply, 38, 41, 42 


nerve supply, 42 Kidney, 42 

testis, 71 blood supply, 38, 41, 42 
blood supply, 38, 41, 71 nerve supply, 39, 42 
nerve supply, 71 

thymus, 26 

vestibular, greater (Bartholin), 77 Labia, 78 

Groove Ligament 

atrioventricular, See Sulcus, coronary anococcygeal, 67 

costal, 2 arcuate of diaphragm, 11, 36 

interventricular. See Sulcus, arteriosum, 14 


interventricular broad, of uterus, 75 
obturator, 58 cardinal (Mackenrodt), 74 
coronary, of liver, 54, 55 
costotransverse, 2 
Heart, 16-20, 23, 26, 27 denticulate, 83 
atrium, left, 17 falciform, of liver, 56 
right, 19 flavum, 1 
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Ligament (continued) 
gastrophrenic, 54 
gastrosplenic, 54 
iliolumbar, 34 


infundibulopelvic. See Ligament, of 


ovary, suspensory 
inguinal, 61, 80, 81 
lacunar, 61, 80 
lienorenal, 54 
longitudinal, anterior, 1 
posterior, 1 
of ovary, 72 
suspensory, 72 
pectineal, 61, 80 
of penis, suspensory, 70 
puboprostatic, 66 
round, of uterus, 72, 74, 75 
sacroiliac, 58, 61 
sacrospinous, 59, 67 
sacrotuberous, 59, 67 
teres, of liver, 56 
of Treitz, 43 
triangular, left, of liver, 56 
umbilical, lateral, 62 
median (urachus), 64 
uterosacral, 74, 76 
Line (linea) 
alba, 79, 81 
arcuate, of rectus sheath, 79, 80 
pectineal, 61, 80 
Liver, 50, 54-56 
blood supply, 41, 55 
Lung, 29 
blood supply, 29 
nerve supply, 32 
root of, 26-28 
segments, 30 
Lymphatic system, 10-12, 40, 88 


Margin, costal, 3 
Mater, arachnoid, 83 
dura, 83 
pia, 83 
Mediastinum, left view, 26 
tight view, 27 
Medulla, spinal. See Cord, spinal 
Membrane 
intercostal, 5 


Membrane (continued) 
obturator, 58 
perineal, female, 77 
male, 68, 69 
Meninges. See Mater 
Mesentery 
of appendix, 57 
of stomach, dorsal, 53, 54 
ventral, 53, 54, 56 
of ovary, 75 
of sigmoid colon, 50, 52, 57 
of small intestine, 50, 52 
of transverse colon, 50, 52, 53 
of uterine tube, 75 
Meso. See Mesentery 
Mons pubis, 78 
Muscle 
of back, 86 
bulbospongiosus, 69, 78 
cremaster, 71 
dartos, 71 
diaphragm, the, 4, 11, 36, 40 
erector spinae, 35, 86 
iliacus, 34, 36 
iliocostalis, 86 
intercostal, 5 
ischiocavernosus, 69, 78 
levator ani, 61, 63, 67, 74 
longissimus, 86 
multifidus, 86 
oblique, external, 35, 81, 82 
internal, 34, 81, 82 
obturator internus, 59 
perineal, transverse, deep, 68 
superficial, 67, 69, 78 
piriformis, 59, 60 ` 
psoas major, 34-36 
minor, 34 
quadratus lumborum, 34-36 
rectus abdominis, 79, 80, 82 
rotatores, 86 
semispinalis, 86 
sphincter ani, 63, 67 
urethrae, 68 
spinalis, 86 
subcostal, 5 
suspensory of duodenum, 43 
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transversus abdominis, 35, 36, 80, 82 


transversus thoracis, 5 


Nerve 
of clitoris, dorsal, 78 
coccygeal, 60 
erigentes. See Nerve, pelvic-splanchnic 
femoral, 37 
genitofemoral, 37, 71 
iliohypogastric, 37, 42 
ilioinguinal, 37, 42 
intercostal, 6, 82 
intercostobrachial, 6 
/ngeal, recurrent, 24 
cutaneous of thigh, 37 
to levator ani, 60, 62 
lumbar (general), 37 
lumbosacral trunk, 37, 60 
nervi erigentes. See Nerve, pelvic- 
splanchnic 
obturator, 37, 60, 62, 63 
to obturator internus, 59 
pelvic-splanchnic, 60 
of penis, dorsal, 68, 70 
perineal, 68, 78 
phrenic, 4, 25 
to piriformis, 60 
pudendal, 60, 68, 73, 78 
sacral (general), 60 
sciatic, 60 
spinal (general), 83, 84 
splanchnic, 9, 10, 39 
subcostal, 6, 37, 42 
sympathetic trunk, abdominal, 39 
thoracic, 9, 10, 32 
pelvic, 39, 63 
thoracic (general), 1, 6, 9 
vagus, 24, 25, 32, 39 
Notch, cardiac, 31 
sciatic, 58 


Oesophagus. See Esophagus 
Omentum, greater, 53, 54 

lesser, 53, 54, 56, 59 
Opening, into lesser sac. See Foramen, 

epiploic 

of diaphragm, 11, 36, 40 
Os coxae. See Hip bone 
Outlet, of thorax, 4 

of pelvis, 67 
Ovary, 72, 74, 75 

blood supply, 38, 41, 73 


Pancreas, 43 
blood supply, 43, 46, 47 
nerve supply, 39 
Papilla, duodenal, 44 
Penis, 69-71 
blood supply, 70 
nerve supply, 70 
Pericardium, 23 
Peritoneum, abdominal, 52-57 
pelvic, female, 75, 76 
male, 66 
Pleura, 28 
Plexus 
nerve 
aortic, 39 
cardiac, 32 
celiac, 39 
coccygeal, 60 
esophageal, 24, 32 
hypogastric, inferior, 60 
superior, 39, 60 
lumbar, 37 
pelvic. See Plexus, nerve, hypogas- 
tric, inferior 
pulmonary, 24, 32 
renal, 39 
sacral, 60 
sympathetic, thoracic, 10, 32 
venous 
pampiniform, 71 
prostatic, 65 
rectal (hemorrhoidal), 63 
Porta hepatis, 55 
Pouch. See also Fossa; Space 
rectouterine (of Douglas), 76 
rectovesical, 66 
vesicouterine, 76 
Process, falciform, 59 
xiphoid, 3 
Prostate, 64, 65 
Pubis, 58, 67 
Pylorus, 48 


Raphe, anococcygeal, 67 
Recess 
costodiaphragmatic, 4, 28 
ileocecal, 57 
Rectum, 50, 63, 66, 74, 76 
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Rectum (continued) 
blood supply, 51, 63 
nerve supply, 63 
Rib, 1-3 
Ring, inguinal, deep, 79, 80 
superficial, 81 


Sac, peritoneal, lesser, 53-55 
Sacrum, 33, 58, 59, 85 
Scrotum, 71 
Sheath, femoral, 79, 80 
rectus, 79-82 
Sinus 
aortic (of Valsalva), 18 
coronary, 19, 22 
oblique, of pericardium, 23 
transverse, of pericardium, 23 
Space. See also Fossa; Pouch 
epidural, 83, 84 
perineal, deep, 68, 77 
subarachnoid, 83-85 
subdural, 83 
Sphincter. See. Muscle, sphincter 
Spleen, 46, 54 
Sternum, 3, 4 
Stomach, 48, 50 
blood supply, 49 
nerve supply, 24, 39 
Sulcus, coronary, 16, 18, 19, 21 
interventricular, 20, 21 
Surface anatomy, of abdomen, 87 
of thorax, 31 
Symphysis, pubic, 58 


Tendon, conjoint, 80, 81 
Testis, 71 
blood supply, 38, 41, 71 
nerve supply, 71 
Thymus, 26 
Trachea, 12-14, 27 
Trunk 
costocervical, 7 
lumbosacral, 37, 60 
pulmonary, 13, 16, 20, 23, 26 
sympathetic, abdominal, 39 
pelvic, 39, 60 
thoracic, 9, 10, 32 
vagal, 11, 24, 32, 39 


Tube, uterine, 72-76 

Tuberosity, ischial, 58 

Tunica, dartos, 71 
vaginalis, 71 


Ureter, 42, 57, 63, 64, 73-75 
blood supply, 63. 
nerve supply, 63 
Urethra, 64 
female, 74, 77 
male, 65, 67-70 
Uterus, 72-76 
blood supply, 73 
lymphatics, 73 
nerve supply, 73 


Vagina, 72-77 
blood supply, 73 
lymphatics, 73 
nerve supply, 73 
Valve 
mitral, 17, 18 
semilunar, 18, 20 
tricuspid, 19, 20 
Vas deferens. See Ductus deferens 
Vein (vena) 
adrenal. See Vein, suprarenal 
azygos, 8, 27, 40 
brachiocephalic, left, 15 
right, 15, 27 
cardiac, 22 
cava, inferior, 19, 41, 57 
superior, 15, 16, 19, 27 
cordis minimae (Thebesian), 22 
epigastric, 79 
hemiazygos, 8 
hepatic, 41 
iliac, common, 41 
external, 41 
internal, 41, 63 
innominate. See Vein, brachiocephalic 
intercostal, 7, 8 
superior, 8 
lumbar, 41 
mammary, internal. See Vein, thoracic, 
internal 
mesenteric, inferior, 45 
superior, 43, 45 
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Vein (continued) 

obturator, 63 

ovarian, 41 

of penis, dorsal, 68, 70 

phrenic, inferior, 41 

portal, 41, 45, 48, 54 

prostatic, 65 

pudendal, internal, 68 

pulmonary, left, 17, 23, 26 
right, 17, 23, 27 

renal, 41 

splenic, 45 
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Vein (continued) 
suprarenal, 41 
testicular, 41 
thoracic, internal, 7 
uterine, 73 

Vertebra, lumbar, 33, 85 
thoracic, 1 

Vesicle, seminal, 64 

Vestibule, of vagina, 77 


Xiphoid process, 3 
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